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.. INTRODUCTION . , R
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"Scaling" and "representatxon" descrlbe famfhar techniques _
that are’ used every day. Por example- P . s
NS © s . .
_"I A map is representation of a geodgraphic aréa._ The map
does not,show ewery detail within the area, ‘such as traffic
lights on streets, Symbols are’ used to represent bound-

“aries, cities, rivers; rallroads hlghways . in a srmpll—
fied way. A road map may be'drawn to a scale of 10 miles- -

" to one Anch; so that it can ‘be printed on a plece of paper- \
of manageable si’ée. Sometimes a state map w111 mc,lude--\
an-insert of a city map drawn to a scale of about I/IO of a
mile to oné inch so that more details of thé city can be

¢ represented The. scale and amount of detail in the. repre-

sentanon are choseén, for convemence and purpose. BN

} When a dressmaker plcks a.size .14 pattern she is chooéfng

a reptesentation.of the dress scaled to the size of the per—

son it isiintended for. Thé tissue paper shapes are repre-,

‘ sentatlons of the pleces of fabrxc needed to make the dress.
Arch-ltects draw scaled represontatlons of bulldmgs . Qon—
struction ‘workers follow the plans thaf tell them the size
and arrangement of fooms and precise details of construc~
tion. Plans of this type are usually: drawn to'several dif- i
ferent scales -actording to need. For example the archl- T
tect makes a small drawing of the finished buildrng '

medrum-—srzed floor.plan, -and perhaps a- larger—than-life
~ detail drawing of ari.musué‘l type of construction. .

¥

'y

PR -

.. The importance of scaled- representatxons in mathematics and
< "Objects and. ideas can

D

science.can hardly be overestimatéd,:
bé represented in, pictures with only the éssentials shown.
,/ "When these pictures are drawn to “Scale, their measuremerits
are meanmgful for quantitative work. Representations are , .
used therefore not only as. illustrations but also as _simpli- .
ﬁcatlons and ‘as accurgte 1ndlcatlons of size,

.y .

’
*

. Ry

. . - ERAN

Vg . N

-




~<

. . R e T
- . 3
- “l:'
, K . -
[y 2
'
P ° -
-~ a '-/
. -
v . & . o g -
. " ~ . v

. Thése con epts are- 1ntroduced in'Unit 18 in their s1mplest
forms, 1‘ ?ﬁegm with, the ch1ldren trace outlines of their .
hands on paper. They study the differences. between the out-
line and the: hand, and learn that the outline is .a representa-
tion of the 'hand. From’it they can determine size, shape, '
number of fingers, etc. But it is easy for them {o'see that
while a representation records sore properties of an object,

% ,.it also-omits many properties. The childfen go on to note
that' for some objects only g few propertjes must be repre-

*. sented for identification, while for othdr objects more prop=

.erties are necessary.

L .

< N - 3
I R 4 ﬂ -
N * ’ “ g
" . ¥ .
Chang1ng Slzes . N >

]ecb The ch1ldren are prov1ded'W1th a numberof different e);—

. pehenc,:es 1nvolv1ng the .expansion and reduction of the sizes

. of pattemns.. They use magnifying and reducing lenses and

" draw representationg ,of what they see through the lenses.

This activity produces a group of, representat1ons of the same
object in assorted sizes. '
- 4 .
. Another example of magnification ahd reduction is achieved
by meving a projector further from or closer to a screen.

. The same image is made larger oF smaller in this manner.

-

_-z When the image is pro]ected on 3 grid it is-easy to assign

-numbers to the dimensions of the image. A.figure that mea-
. ‘sures two grid units in length is enlarged to measure four grid
- units in length, Its dimensions havé-been 1ncreased by a.
.scale factor of 2, In this way the relation between scahng

L and multiplication is \estabhshed N
\ . ° 3 o L
~ \‘-‘ « f . ' '- ] )
. / ‘ s
Linking Mathemat1cs and.Sc1ence .

The’ relat1on between scahng and mult1pl1cation demonstrates
.. one of the links between mathematics and science, The child
observes a change 1n sizé. Then he measures the change and
assigns a number to- 1t - Once a number has been ass1gned, y

»
i
zi N
2
"~
A
t
1
s

2
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he can usevmathematlcal operatlous to predlct further change .

w1thout manipulating the actual materials. The children have .
many experiences in this unit with this kind of moving back I
and forth between actual objects and mathematical operations. DA
The assignmérit of numbers to qualitative observations is pre-

) 01seiy -what enables us to use mathematics.in discussing
we LT ’ natural phenomena.

»
v

- . P <
. "‘)

’

. ) F1rst the children scale up a f1gure by us1ng two different .

' _grid sizes. They copy a simple figure, with each small grid. -
unit represented by a. larger gri§ unit. This gives them a

larger figure that'is the same shape as the smaller.one, but
. ~ they do not know exactly how muc larger it is. Tlien they

o . _ repeat the activity with the': as51gnm nt of humbers to'the

o ,d1mens1q;}s. of the figure. This time the two drawings are made

t - 7 on grids..of the same size. The scale factor tells how many
grid units on the second drawing are need\e\d to represent
- each unit of length of the original figure.. ‘The childrén write i
the mathematlcal ‘equation for th1s increase in the dlmens1ons. : L
The sca:e factor t1mes t«he old length equals -the new length ;

- . ~

L P - s ¥ . . . i B
e AR S N v .- £l v
. . - R N ..

. ‘ .
~ A ” - - . ] . &
- . . . . Iy - .

“

",‘ Inverse Operatlons _ ’ T R .o C e

e e — -’Phe~childremare4;Lven_many__expﬁue_nces with expansion and’
o R reductlon as. 1nverse operatlons. Theya 1earn that pne is un- -
_ " done by- the other, "They learn that expansmn or’scaling up
v can be expressed by a ,multlpllcatlon equatlon. We use the. -
< 77 Tterm "dLv1s1on to descrlbe what happens to thé dn‘henslons
- of a figure that is, scaled.down ‘but we do hot introduce di=* - **

. - vision equatlons._ ‘This mathematlcal procedure will be left
F ’ "for later. But.we do establish the groundwork now for the
=~ . “fact that multlphcatlon and d1v151on are inverse. operatlons. -

- - -
- N

-t N i
-

\l\rea and Volume : . : . ) . e .

* 3

- .Note that we always re;er to scaling up or. down the length
of the side of a figure by a given factor. The area and volume
“ ° change by dlfferent factors th'an does the length of the side,
- but these are’ probaBly too dlfflCult for most children at this ~
level. - . . .
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Area and volume are introduc ed briefly in Unit 17, Lesson 10,
. “and in more detail here. The ‘¢hildren get substantial practice .
! f with multiplication of two dimensions to.find area and three- =~
. . -~ dimensions to find volume (that is, how many squares or- - .
cubes are in the representatlon) But, this concept is second-

- < . ary to the concept of scalmg It chlldren seem to have dif-

s ficulty-with either area or volume, some of those exercises . \
. may be omitted W1thout affecting the main purposes of the

: un1t

(3

. i

. Scahng Techniques ° - LT

- < Much.of the work vmth scahng is done on-grid paper Mi‘nne— e
bars are introduced at first as an. a1d in visualizing two- ) R
dimensional scahng, and then as a three—d1mens1onal§repre— e . ’

‘sentation. 4 . - , . 4 .

~ e “
9 o, % R

Y . The architects ruler is a device that .helps in the actual
. précess: of scaling and also helps illustrate the multipli- S
R - cative relation of two scales by way of parallel number lines. ' -

) » . The children make and use their own rulers with scales rang-

N ing from | = | to | =6, They ‘alsc work with arbitrary scale ‘ B
N units’ such as | small paper clip. = large paper: c‘[1p orl 7 K -

linesegment —>-'| ~handspaw~ . . : -

A S . * b
N .

- C ». : ”
Applications for-Sécond.Graders '

* s Y

v

? The usefulness of scallng is illustrated in several ways
‘ One Jesson is devoted to .comparing the size of a child w1th
the size of a chair that is comfortable for him, ‘In another,
: ' ‘the children study maps of dxfferent scales and plan a visit
' to the zoo. The lesson in map réading is greatly facilitated .
N by a film Maps—Where.Am I? which shows very clearly ‘ P .
how a geographlc area is represented orni-a map., ~ o A

- .
The.childre\n also build scale models— dog houses. to fit dogs
of different smes,,ga’rages to fit trucks, shoe. boxes Jto fit o )
shoes. Thus their work with scaling and representatron has © o T,
¢ direct® apphcatxon in second grade terms,

s

= . v PR .




- NOTES ON TEACHING THIS UNIT B , .
Unit 18 is des1gned to ke taught W1th Unit 1'7,. Introducing
Mult1pl1cat10n and Division. They may be started at the
same time, or Unit 18 may be started a week or two after
Unit 17 is begun. The unit should require one class period

a day for abo.xt five weeks ' .

4

8 ., . -

¢Be sure t6 order the film Maps—Where Am I? from your usual .

sources well dhead of time.

If you have difficulty obtaining
it, write directly to thg producer, Charles Cahill and As-.
. sociates, Inc., 5764 Sunset Boulevard, Hollywood 28,
Galiforhia. . o =
' Please note that ,though the magmf1ers supplied by MINNE-
MAST are marked 3X and 6X, the actual image through- ‘the
larger lens is closer to 2X, as calted for in Les son 2.

[ SR
D s

You will ncte that sometimes Lengthy d1recttons are mcluded
- in the worksheets. Wg do not overestimate thé early second
grader's reading ability. The directions ‘are.always to be
read to the children, and those who are able to can read along
with you., Our purpose in including them is to get the chil-
dren accustomed to the idea of following written d'irections
e 7" Those of you who do not have the MINNEMAST pr1nted mater—
" ials kit will have to prepare your own worksheet transparenc1es
for those act1v1t1es that call for use of the overhead projector,

o
N . b . .
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Lesson |: MAKING REPRESENTATIONS OF.OBJEGTS

- . R " < T » . "

-

It this lesson’the children draw outlines around familiar ob~ . -
jects including a hand, obJects from their desks; and property
blocks. They discuss ways in which the representations dif-
{er'from the objects" themselves and note that\the size and
shape of thé objects' sides are the only propertres represented
by the drawings,

“n e

‘ﬁ . LT
The children make outh,pe*dr‘aw\;ngs of objects that are eas1ly
recognlzed by the dt&tlnctme shape of one side. Thén they K
are given large, square property blocks of drfferent thicknesses e
and asked to represent them, .They.find that they must draw ’
outlines around more than one-surface of a block to give enough ‘
information fer someone else to 1dent1fy the representatlon. . -
(Not all ob)ects can be identified in 'this way.’ For example, )
the same set of outlines might represent several different things
such as a box, a book and a block... Size and shape do not pro- -
vide sufficient information for d1st1ngu1 hing an object from

other objects .of the same dimensions.)

’ Co-s for*each‘:cmld - w

= large square property block e1ther thick or thin (borrow
from Kindergarten) .. .

2, and 3

© 4 s s

‘— Works heets I,

- c oy

Have the class turn tq, Worksheet l, wh1cb is a blank, page.
Each child, is to place one hand on the page, spread his fingers
apart, and trace around his hahd with a pencil. Ask the chil-

. dren’to look carefully at ‘their .drawings and to compare them
< with their hands. .

- WHAT IS_ SIMILAR ABOUT YOUR DRAWING AND ¥OUR HAND?
(Approximate length, width, shape of fingers, etc.)




. Ask if they think they could call.it"a hand. If they say 'Yes,"

. book, ruler, gcissors). Have them place one or, inore such ob-

. DlSCUSS the propertles that are not represented,by the outhnes . .
‘ Have\‘the chlldren turn to Worksheet 2, a - inch gnd Give. .-

. and some will be thin,) Tell {He children to make an outline

‘ - © ' - * ) e . : ~- ,ﬂ.
WHAT IS DIFFERENT? (Color, thickness, material they are . \
made of;.the real hand has f1ngernailsJ skln knuck°les the -
_ability to feel th1ngs ) .

P
s

Ask the children to suggest a name for what- they have drawn.

ask them to tell again what the d:,fferences'are between the
real hahd and their draw1ngs. .

The_childrén°may suggest calhng the representatlon a plcture, -~
but a picture would show the f1ngema11s and other detalls e
that are not in'these drawings. %Outline" or representatlon S
would be more appropriate., Introduce the word ' representa-

tion" at this time, but do rot require the childref to use it.

Ask the children_ if they can think of any-uses for these répre~
sentations they have made. (Shopping for mittens withcut the

child,) . -« . ~ ) ' -

5 LA . ~

Let the children, sei*ect some things from the1r desks‘ (pencﬂ' 2

jects on a piece of paper and draw outlgles of them. Then dis-
cuss._the dlfferences betwéen the real o Jects and the repre-
sentatlons of the obJects. . - q“" -
WHICH PR@PERTIES OF THE OBIECTS ARB REPRESENTED BY "’»" T
YOUR DRAWINGS" (Slze«and shapeé of one side.)

A e

ARE THESE PROPERTIES SUFPICIENT TO IDENTIFY THE
OBJECTS? . . R }

each child a large,. square property block (Some will be thick .

representation of the block. (Suggest that'they line up the
block along thé lines on the grid paper.) Most children will
draw around thé square side of the block. ' Ask if someone else
could tell exactly what slze and shape the block is from such
a drawing.’. - . . R

WOULD YOoU SAY THAT THE OUTLINE YOU MADE SHOWS .
ENOUGH ABOUT THE ‘SHAPE OF THE PROPERTY BLOCK SO | ) ,,

1




1
INPIURD R SPSIUINT R N SR S
I

- THAT OTHERS COULD TELL EXACTLY WHICH SHAPE BLOCK
YOU HAVE" (No )

WHICH OTHER BLOCK COULD YOURS BE MISTAKEN FOR2. oo ———
A large square block f a-different th"cYn_es" ) . : 7
(& farge square block-o N
V[HAT OTHER DRAWING COULE YOU MAKE-TO SHOW MO}E\

ABoﬁTHE\BI@\c\K S SHAPE? (An outline of the side. Not
that although the bleck\has six sides, they are not all dif-
ferently shaped Four s1desrarerne shape and two s1des
T ,are- -of another., Therefore the two outlines are sufficient to
represent the view from aH six sides.
' Have them make’an outline'of the side.' :
- N % K
HOW IS THIS DRAWING MORE COMPLETE THAN THE
DRAWING YOU MADE OF YOUR HAND? (The representa-
" tion of.thé hand shows the outline ‘only. from the.top or the
bottom, The side view-of the hand-is not represented )
N . 5 U,
Ask the. chlldren to. look at Worksheet 3 and to identify the
objects represented . . " i N

e
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Lesson 2 SCALING WITH LENSES -y

o .

< PO ) h - 1'- ‘. LI

- This lesson 1ntroduces the 1dea that representatlons of ob- R

jects can be made *.ha,t re smaller or larger than the obJects ‘
themselves. - - " B

. . .- * Teso . .

. . PR

First’ the children observé natural obJects and pmtures of nat-' o
_ural .objects through magnifying and reducrng lenses. The .

. “children ‘have an opportunity to observe that thé appearance. ... * -« .
- of a shape enlarges or decreases-in all its dimensions when- - ' Y
seen through these lenses. They also see that details are .

-either more or less dlscernrble when the ob]ects are magni-

fred or.reduced. to- . s T

g™

- .
. “w .
- e ) < - eu 3 <

- Then they are asked to make | —> [ scale draw;ngs of letters '
. and shapes as, they aré seen through a lens.. That is, a pic- .
fure of anr obJect seen through the magmfylng lens should be . ]
_ about twice as long -as the object itself, and a picture. of an L
‘ ' object viewed through, the reducing lens should be about half .
; " ds long as the objéct. 'Fhls operation scales the obJect up‘or -
C . down by a factor of 2. Introduce this terminology- t‘o the. chil<
N dren ps you descrlbe the procedure

NN REn s 2 A N ccaempeomaen
Ve o o w e « v
~

., ~

- .
> et i e+ oo ——
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LT MATERIALS ' . .

TIPSR ’ " = natural obJects such as leaVes ha1r feathers, 1nsect<"

- . . .o .s,

-

.- overhead proJector - .' T VT

- . . .t
LR . . - N P -

e, - transparencyofWorksheetS o T e

LR
-

~0,

-~ T ‘ - for_eaéh ch'ild —-' .

N
L - ™

e e - X T 2 1enses one concave and one convex . o Cah

7.4t ounce plastlc cup ';\. SR oo o o

ar T T . ruler C ~ B ,

o o~ . Y N . RN

e - . * ..— Worksheets 4, 5.and 6 o | e £ BRI

~

e . . B
X g . u - Sy e

et PROCEDURE, »+ ‘ L |
\ . Teovx Su e . Ce ) 4 L .

A : " N e
- . -Activity ‘A ;- S e ‘ . o .
- e Give each child a sheet of plain paper and ask hm to draw
’ . " anh outline of his thunib, Afferthe drawmg is completed .
7 . giv= gach- child two lénses, one concave and one convex.
o ‘ Have them look through each of these lenses, first at their _ ¥
N . . ‘thumbs and then at the representat}ions of them, (Show them
how to move thé lenses up and down until the image.is °
. . h ‘Sharp ) [ .

R %
(A . . &

‘ . Ask what happens to ‘the* appearance of their thumbs when they~ .
- - - - "logk at them through the magnifying l’ens" What happens 16" T
A "« _the appearance of the representatlons of their thumbs? . They

“ - . . should:obsetve that-both the real thumb and_the representatlon
« - w\\ . . . 1

appear larger through the lens. .. A ) :

¥y s
v
» ’ { >

N Now have 1 them look &t thef? thumbs*‘and the rep‘resentations of
©v T Tilem through the other lens. They shduld observe that this .
N lens. makes both the thumb and- 1ts representation appear smal- . ) i

- der,. CoenTn LT ‘

F

@

A MC! . ‘-‘ ¥ - . 3 . I, . “




e
-

To call atterition to the effect of magmfrcatxon and tediction,
have the- children look at their thumbs carefully and“then laok
at, them agarn through the magnrfier. ‘

N LN e

BRER . WHAT DETAILS ‘DO YOU SEE THAT YOU DIDN'T SEE

_WITHOUT THE MAGNIFIER" L er L
' WHAT DO YOU SEE IF YOU LOQK AT YOUR THUMB , R
P THROUGH THE REDU(}ING LENS" (The children. should ) «
. note that magmfxcatron reveals greatér detail and. that
. after reductxon some details are no longel* vxslble )

-~ - “
e, . Y

Call attentron to:the- shape. of the lenses Have the chrldren

> examine and feel them..“The-magnliyrng lens js convex <> , .

2 and the reducing léns is’ concave, l:_-—:] R R
Activity B~~~

- -
L

Make-a collectlon of hatural’ obJects for the children to. take : .
turhs observrng through the lenses. They shoulg observe many__
. things, such as leaves, butterflies from a CQllectlon "human - '
or anrma\ ha1r and feathers. Also have the ‘children, look at
- -varrous objects from the1r desks through the lenses.

~
&

vae each ¢hild a 4 -ounce plastrc cup whrch he can invert to_
use as a support for the handle of hrs Lens._ .

-

1>Worksheet 4 provides a number of pictures, for the children to
_examine w1th therr magmfyrng and educ1ng lenses.

’-

- &
o

wy
l“
-




. ° ‘ . LT, . . .
* g 4
m > ) . i . .  Columa 1 Column 2 Column 3 . Columm 4 Column § N
. . . . . Bl : N
..oz e _ T T 1 * S S . i - - : ’ ) .
i s 0 - .
. ¢ ~ o - [~ . . . - © e , . i .
4 . . N A . o . < - ~ .
. - : i1 < - - O : 2 .o
© ) : . . . ! ;
- . . . hd - * ’ ’ : i T
. ..MG ¢ m . ‘- - : ) . ». ‘ . . .
- - 3 : P . > g - I3
, 5 1 ‘ RED B g r
2. H ; 4 P B N 1 ‘ P B [ .
By e H y o, ' ' e B .
o' . . . . : . . - s )
=0 N . ’ Al S I’ . = 4
A . . g R . . LA .
- - " - L] -
§ vwnjoy F uLnied £ ulnpe) , Z uwnjol ¢ wunjod . LY P N .
N L. . : N s . “*1. .
" — s . g . . 1 Fa S o) )
g - . v Lo K .
. . R s
. . . 1 . ) S :
M . M R . . <
: . > 2 e o R
. . . . . O
. N . BN . N - .oz . ! . . ) B * )
: . B . . N f . « 1 - .
2 . ; . ' . i . ‘.. . .
. . , . ol N - :
i . " . .~ E—
. . ' . Vol " % . ‘
. . N - v- .
. . . | $w . - ’
- f - . .
e ya . . - ; 4 N = - . v . N\
. . . . A F A D - . . .
] Sy e . . . N . “
D ) . 3 . . . ) o
. . .. 25 - N < i PREC i
- : - 4 : . B . LN . .
A B = * ’ . ;'ﬁ . =< -
b . * . L ’ S . N L= . r ~ . I -
f , R . N o 3 . - M) .
- : ‘. s .. . . H -, a
a t .- g d . »
B ’ I 4 .
- 1 . ‘ > ) » - ? ® * b ‘ ’ > o
. P A S N - i) &, C . -
’ cow g R . . s ‘
. . W » w % . ‘ P - .
. 3 .o - ) . . EVR . I R
o, - -~ < 4, ’ . % s .-.. - R - - ’ N : '
- , . R .- 3 . ¢ B : n3 . [ . . . . 3
. . A L . . . .
. R > . . A . ¥ . . , . - . . . . . -~
-
-
®
®
3
S
=




.. of n3tural obJects ask 'the “children how much larger, they Vit

* Tell the chxldren that by looklng at letters and shapes and

.plastic cup. Those children who have. trouble worklng to'the
. left of the lens'may turn their papers upside down, -
. i . N . )

- * - . ' - -» “(; i « IR
. Work together on the first row, Have the children look at the ‘ ‘ N

~

..one as seen through the lens.

After they have examxned several natural objects and pictures

think the magmfyxng lens makes- th1ngs look and -how much . K
smaller ‘the reducmg lens m&kes them appear to- be,

ARE‘ALL OF THE- THINdS WE LOOK AT ENLARGED ORRE- = - .
DUCED EQUALLY WHEN SEEN THROUGH THE SAME LENS" :

drawing some of them they may. be able to find out how much )
the appearance of thé object is enlarged or reduced through . .
each of the lenses, .. - . )

.

Have the children turn to-Worksheet 5. o I

Call attention to the letters in the center column of the work=- .
sheet?” Tell the children that they will use their lenses to ..
look at the letters, -and then copy them in the sizes they ap-
pear to be. If may be easier for thenr to work jf they rest the
handle of the. magmfter on the bottom of the inverted 4~ ounce,

.

T in Column 3 through the maghnifying lens. When it is sharply
in“focus they should no’ce that it .appears to be about the same—"
size ag the dotted T in Column 4, P.ave them look. through the e
l1&éns’ carefully and trace over the dotted T in Colum .4 to-nake a
magnified letter-that looks like the ox”ginal'one a een‘thro’l‘zgh A

the magnifier, :
Now have them look at the-T in"Column 3 through the red‘ucxng )
lens. They should notice that what they see is about theé same =~ ,
size as the T in Column 2. Have them trace over the dotted .T( .
in Column 2 to make a reduced T that looks hke. the ongmal %.

s

Suggest that they make an even smaller T by/{oo/kzng throuéh the
reducing lens at the one they just drew and draw1ng in Column ]
what they now see, ‘They may make a larger T than the one in
Column 4 hy look1ng at 1t through a magnifying lens and drawxng
what ‘they see in Column 5. .

. .
#i . . . .
.




Y

Activity C - _ e e,

L

“as high. ) The last row w11'1 be used LdL oo . S

. far and then ask them to f1msh the worksheet

Tell the c'hlldren to complete the worksheet and to compare the . o Yy
letters they have made-in the- dlfferent columns .., (Each letter - :

to thé right should be almost twice as' high as-the letter in the

column before it, Each letter to the left should be-about half )

- -

' DO ‘THE LETTERS 'APPEAR TO-BE ]UST TALLER WHEN YOU Lo ,
LOOK AT THEM THROUGH THE MAGNIFIER, OR DO THEY PR
LOOK WIDER ALS®? i . KA

~

-

DO ]UST SOME PARTS OF THE LETTERS BECOME LARGER T
OR DO I-XLL OF THE PARTS AEPEAR TO INCREASE IN ‘SIZE? .-. x0T

sl

HOW CAN You CHECK THE LENGTH AND WIDTH OF. THE Coue ..
LETTERS-AS SEEN THROUGH THE LENSE;S" (By measuring * . ¥

(o ¢ AN t'“

.kgédrawlngs Do : g

wen B PN . . .
4 . Ve - « "‘.'§ 4 - . v, v

e

Y B
N~ - - . . .
. . [ . % ) ~ »

Cn Wbrksheet 6 the chlldren w111 look at shapes through the ‘
lenses and scale them up arnd. dov,\zn in the same. vxiay that they
didcthe letters on Worksheet 5. Then. they will, study the
‘shapes to find out how the lengths and the widths -chénge :
Have the children complete Row T. Ask them to tomnipare the
dimensions of the shapes they have drawn ifi the five columhs. o
At this time the children should enly maké the general obser- R
wation that.each shape seems to be- half or twice as high as ' '
the one next to 1t Review.what the children ‘have done So:

»

Have the chlldren compare the enlargements and: reductions in

each row,''using their rulers for measuring. The chmenslons o e

will not be in whole units. H.ave them use the nearqst unit o

of measurement . T, S . o )
IS EACH SHAPE IN QOLUMN 2 ABOUT TWICE AS WIDE Coel

AND TWICE AS HIGH» AS EACH SHAPE IN COLUMN 1? °
(Yes) v



.
3

S : ' , I
o | IS EACH oHAPE IN COLU MN 3 ABOUT TWICE AS WIDE - - '

R AND‘TWICE AS HIGH AS EACH SHAPE IN COLUMN 2?
(!e:ao) . ' . ‘ R R . ~

¢ LT ‘ . IS EACH. SrIAPE IN COLUMN 4 HALF AS:. WIDE AND .
’ \ALTP/S HIGH AS EACH SHAPE IN COLUMN 5? ’
) - (Yes. ) ‘ ®

A DO YOU THINK THAT OTHER THINGS SEEN THROUGH
o THE SAME MAGNIFYING LENS WOULD ALSO ‘APPEAR S
IO TéBETWICEAS IGH? (Yes.). ... e .

. * . DO YOUJHINK THAT OTHER THINGS SEEN THROUGH S
: . §REDUCING LENS WOULD ALSO APPEAR ABOUT
-t | HALR As HiGH? (Yes ) B

LY

umn 2

P ; CAN YOU ADD E RR)OLUMN TO THE WORKSHEETS
e ea M BY USING THE SAME MAGNIFIER” (No, ) . v

. CT . ':'TWHY NOT" (The~mqgn1f1er isn t lérg.e emﬁugh The shape -
L . . '.5‘; lor 1etter eXtends beyond the edge'.of the 1ens You could

; . ; N do it 1f you had a magn;ﬁe\wnh a greater diameter.) : N |

. . ]
! - s 3,

- ¢ P v K .
LI Lot ou" o R 5 . . ’.
“ . . . . .

JAGtivity DT s o T T T L ‘- ¢
\:.;'c f., . . o .

B ..« - Have the children look at a shape in Golumn § through the re-
.+ . -* ‘ducing lens,’ Askaf they can find another shape on the work-
e ‘sheet that looks like what they see through the lens. = hey :

* should fmd it m Column 4.) ‘Have them recall how' they drew ¢-
- R the shape iri"Column 5. “(Fhey copled what theylsaw in Column’

o ) - . ‘4 through the magnlfler ) Repeat with several ther shapes in
I Columns 3, 4 and 5, to provide experlencé with the effect of.
Y . ' . - the reducing lens undomg the effect of the magnifying lens

+ . -
L . . * AN L ‘b . »
-3

o




L2

. ." beforé it.)'

4 ' T : >

'Go to Columns l and 2 on the worksheet and follow the same' -

_» procedure, using the" magnifying lens to get back to the size
from which the reductidns were made. -

The ch11dren may draw a letter or shape of the1r own choosmg
in Column 3 of the'last row of Worksheet 5, and enlarge and
reduce ,1t as they d1d before. :

N

I
..

Activity E : ' S ; .
. . . ) v . . - . . . i

In presenting the followmg sequence of pictures, fold your

manual back so that you can show just one page ata t1me.

Show the title page and then page one of "Through the Magic
Window" to the children. Ask the ch11dren what the picture
is. (Three buttons.) If they do not guess correctly, don't tell
them. They can find out if they were right when they look at the

following picturés. Ask the children what they,not;oe.about the

pictures. (Each one:is twice as long or half as long as the one

Then have the ch11dren make a similar plcture story using a
subject-of their choice. Some possible’ subjects are a bug, a
butterfly, fresh flower, a plant leaf (especmlly a ha1ry one),
carrot or celery tops. The most 1nteresting subJec;ts are_those
with additional details to be revealed under the magmfier, and
those that come from environments the childreh can find out
about and include in their scaled-down drawmgs.
Blank " Magic Window™" frarnes appear in the Student Manuals
after Worksheet 6. Have the children draw a middle~sized

* picture in window frame numrber 3 and then make two-step en-
largements in frames 2 and l, and two-step reductions in °
frames 4 ano S5, :

-
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"Lesson 3: ENLARGI_NG I"”A_'I‘*T_BRNS

. -~
* d . A .

A overhead projector is used to project s11houettes onto the
.. chalkboard and onto a gr1d When the projector is moved
back the sllhouette 1mage becomes larger, but other pro-
’ ,pertles of the 1mage remain the same.

The children apply th1s concept when tﬁey scale up the d1men-
sions of ebjects by drawing on grids of two-different sizes.
_ Then scale factor is introduced: the ¢hildren enlarge other .

B patterns:by making—two umts*of‘length"of"th’erpatterns ‘they
draw represent one unit of length of the original patterns.
(This work is done on grids. of equal size.) The multipli~
cation equatron for the length of the side is presented.

B - Ay
. - -,

+ = .Introduce the-vword "dimensions" when measuring the length
of the sides.. This is important because when two dimensions -
» of a shape are scaled up by a factor of 2, the areaof the shape -
"increases by a factor of 4. Thus itis necessary to emphasize
that we are scaling up theedimensions, not the area,

-If a child notices that the area of the shape he is Workirg
-with-increases- by- more. than-a:factor-of-2-whén the length of -
a side is- doub’fed tell him that he is r1ght and that we: w111
.. T TTTWerK with aFéa 1ater in the upit, - -

-

PN . o
U S S, .~m~z . .

Lo

Be;u/re that the chlldren understand that- the rmages pro;ected
e

in course of these lessons are representatlons of the ac-
tual objects. T

A
For all“{he activities involving projected images, be sure that
prOJector lens and’ center of image are the same d1stance from
the floor to avoid d1stortron’of'the image

4

MATERIALS . . L d

- overhead projector

&

— transparencies of Worksheets 7 and 9

~ silhouettes of man,- nouse, rab‘bit, and i-inch squaré

~ l-inch grid paper :

. — Worksheets 7, 8, 9 ana 10.

. L8V s




: *~ PROCEDURE .

. Ac;tia‘zity Al . , . . - )
- "'Set the overhead pro;ector about 30 1nches from the chalkboard
and place thé s1lhouette of the man on its .stage, -Bring the’
image into focus on, the board. Ask the' chlldren what you
might do to get a larger image of the man’ on the board If ho
.one suggests ‘that you can move the projector back to enlarge .
the image, demonstrate-this, Then ask the chlldren ‘what '
_ things are the same about-the - small image and the large image.
(The shape is the same—they both have two arms, two legs,
etc ). -Next ask what is difféerent about them, (The dimensions
are greater on the second ohe—the image'is taller and wider;
the second image is bigger. Some children who have had
MINNEMAST Un1t 12 may saychat the area is greater )
Rspeat the above proc¢edure usmg the sllhouettes of the small
housé andnthe rabblt
«? \-L&
Return the projector to 30 1nchc.s fromthe board Plat:e the
one~inch square on’ tha stage of the projector. . Have the
children tell you how to make the image of the; square look -
larger. If possible, let a child move the projector-back to
show how to enlarge the 1mage of the square.

v - o K

Ask the ch11dren what th1ngs aré the same about the small
1mage and~the large-image. (They are both dark’, have four ~
corgers are the same shape.) Then sk what is different
“‘about them: (The sides are, longer( the square is bigger or.,
" the area is. greater ) . .

°Have the class turn to Worksheet 7 ‘Use the transparency of .,
the works heet on the overhead <With the help of the class do ‘

-
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the-first. pattern on the transparency while the clkldren do it/
. . on their worksheets. Ask the children in what way the work- -
: sheet is. similar to what't‘hey saw with the projector. (The: 'f‘“
o shape of the new pattern is the samévbut the dimensions are '
\ ~ greater ) PR -

" >

‘Have the children complete the second pattern independentl ‘
'Check their wotk, “and help those who need it

e T "Worksheet 8 shows two grids of different slzes. Have the,
children make their own drawings on the small grid.. ‘and then.
. i ‘ scale up.the diga#sions (the lengths of the sides) on }he lar
& : ger grid, using ¥ge- scale of one small unit < one large unit.
. ‘ . .Whén, they are fihished, let the children show their patterns-
A to the class and téll how they enlarged them, oL,
Activity B . ‘ o ' L
. . ) L © . . E LN ‘ 2t

e N Preparation‘ » i ‘ , P . N
< S o Attach a i- inch grid paper to the chalkboard Put the I-inchx ‘
) ? : . ) ] . . . N
s . . 29, 7.

. . ' (3 9 -
. o - . Lo

. . . ) , -
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4G ’ 51 : .

‘square-on the projector stage, and llne u‘p the projector so, ‘
that.the image of the square covers four units on the grid at-
tached to the board,” "(The projector should be abdut 30 inches’
?om the board, ) Turn o>ff the: projector _ :
A N 4 A4 . 'L;e . - . w : . A
T Procedure: ..'- o -« . .
.ot . Y.
Tel_J, the children that ‘you have put a grld on the board so that §
they ‘dan find out-how much longer the sides of the square be- -

i " . conie when you move the projector, Tum .on. the projeqtor and

»

- - ask the class: }?‘ N ‘,

Y
«

HOW LONG ARE THE SIDES Qf' THE SQUARE? (2 units -y
%each.) - Co . L
a__._'_s_» Record the answer on ) the chalkboard Ask the children how

." . to-make" the‘sldes~o£the\1mage twice as long, (They should
suggest moving the projector away ‘from the board untll the
.o sides of the shadow are each 4 units long,) If possible have'
% . a child thove it back a$ far as he thmks he should for the
sides to be twige as long., - P A

\{,HOW MANY UNITS LONG ARE THE SIDHS OF THE SQUARE
NOW‘P (4 unlts each ) o NG
- Tell the children that they have scaled up the sides of the (
squarefby a factor of two. The sides of the square are now-
- "% twice as longas they were. Explain that the length of the -
~ _sides has been .multlplled by two, and every one unit of

length along the edges,of the square has become two units,

Pes

Record on the board the change in the length of the sidesof -

o the square when they are scaled’up by a factor of tw0' .

N C Ix2=4.

. Have'the children turn to Worksheet 9, Do the first pattemn
. with the. children. (A transparency is provlded ) TRhéy are
L .to do their drawings on the grid to the right of each shape
Guide the children to notice that. each unit along. the side of
the shape will become two Units along the side of the draw- .
ing that they make. (One‘unit will becorne two*unlts ; two
_ units. Wlll become four units’, etc.) : .

“ hES » T

.+ The chlldren should be _able to-enlargé the : second pattern by
K . themselves. ‘When théy have finished, ask a few children -
’ : to show the patt.em&they drew and tell what they have done.

t

.

- ) r
- -

7

40 -
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Yorksheet 10 . . . »
Uni}t 18 . Name_ . P, ¢ e

Yorksheet 9
Ut'\n 18,

- 5 .

Scéle up the dimensions !’the-length of ll&ei) of the b4 Em"” the caterpillars,
-puttornl by a factor of 2: . . Use the scale ahown bélw each one,
Y

1. Oraw the new _patterns on the grid. . : . - .

i 3 . &

e o | IO Y I A

0
Scale:

. . | ';

1 small unit <> 1 Jar,a unit

o

N .« ® v ’
B R Jcale: Tunit ~* 2 units H

- . - - ~ *
. . . «
4 v ¢ N / .

- Activity"C IR // ,‘ S S

N ) ‘o In Activity A the children scaled by using units of different

- _size,- “and in Activity B by usmg al > 2 scale factor. In

. Worksheet 10 they enlarg the same p1cture by both tech-
‘niques. /

P .," ’
,u, 1 . bl N

Call the children's atten/'tion to the two scales shown and ask

©_thergwhat the. scales tell them to.do. After they have drawn .

' : the Waterpillars, guide/thém to compare the tw\o\enlarged * ,

St ., drawings. (They shoyld be the 'same s1ze,and shape.) - ‘
Agtivﬁi/ D B A -

N

-»

v + Ask how the larger/caterplllar compares with the smaller one.

) (It is twice as lonf and twice as wide.) Together with, the

class, develop tt}e multiplication equation for the length and

width of the larger caterpillar, Call attention to the.second’

pair of caterpnla}rs to aillustrate the increase, as fo,llows‘ . T
N — ’ ' g " Ty




. *  DESCRIBES THIS IS:

¢
s

_EACH | UNIT OF LENGTH BECAME 2 UNITS. THE S
' CATERPILLAR WAS 4 UNITS LONG AND BECAME- 8 S o
—UNITS-EONG~ - THE MULTIPLIGATION EQUATION THAT “ooL '

<

o ‘ '-M,‘ ) . 2'x4e8 ] s ’

Have the chﬂdren tum back to Worksheet 9 Together, T R
develép equatmns for the* changfe in length of the SldeS..Of . :

the*f:rst—pattem.& . - o . .
£ . 2x3=6 .
R - o . s
' hd
A : M
o : \ ;
. G =
™~
* b - 4
S8 . ,
'.t . ) : [t
A T <+

-

s e st e o e R e

Th&second,pattem is_a more complicated shape-—that is,
1t has more: 51des. But the change 1n the length of.each side
is descnbed in the same way:

3

e

\ . ) * _ _ 2 X 3 = 6 o~
o ) 0 .
. %
) 19 2%1=2 .
w
X L)
. Ll ~ CoL
* \ p i U .t
« ™ X .
% ) ~ +
. : b ¢ N B ‘/‘,' \\‘:\ . ,
. P \ . .\\\ N
» i - ~ \.\"
~ . : B - ‘\\ \ b
~ " : 2x4=8 R A
) . B
. Call attention to the fact that the scale factor is the same, L .
2, in each of the equations, ’ o -
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Lesson 4: REDUGING PATTERNS : . .

The overhead projéctor is used to project silhouettes onto the .
chalkboard and onto.& grid sheet. "When thé projector i$
moved closer to the screen, thé silhouettes become smalier—
* Following this 1llustrat10n of the fact thatthe Shapes are the . o
T sameTin every—detml—except-mze—the—ehﬁdrea—leam-hew,—t&w— ~~———;‘ -
N scale down the dimensions of objects by using paper with . ~ i
S grids of two different' sizes. Then they go on to reduce pat-'
terns using scale factor, . They make one unit of length of f the 7
pa..erns they draw represent two units of length of the/orié'

T ———
ginal pattern ’ . R - - s

13 . . . - / .
. ' . .. ° . “ . P

S e

MATERIALS P T e e =T

. < . . e ’ . ‘ /,:“;"""‘ ) N ' -
~ .overhead prOJector T . . )

-

/; s11houette shapes of man rabbit, house and l-inch square \ -
’ L—mch gnd paper -y T :

- transp;reﬁcms of Worksheets H I; ", ' S
_)Nbr/ksheets hl, I2an_dl3 o BRI .

iy

Lt P I ' t. . ; .-
. _-PROCEDURE T
- / :\ b(’ R . N A

V-

Activity A - . ‘ . Ty A

Follow procedures similar to thdse in Lesson 3, ‘hut thrs tune
start with the overhead projector about 60 inchies from the
board. Place the silhouettes on the :projector stage ori¢ ata .
" time and ask the chrldren how they can be’ made to look smaller,
If the children do not suggest moving the projéctor closer to the
ok .. board demonstrate this. Then adk the: chlldren what things are

a ‘the same about the large* and the small srlhouettes and what -+ . N
things: ¢ are different. e . . T
- '~ *  Have the class furn to Worksheet {1. Ask in what way Work-

' sheets] | is similar to what the chlldren saw with the. projectorm\

1 Usé thé transparency of Worksheet |1 .on the overhead pro;ec- )
tor , and Work with the classg;o do the jlrst pattern, . ‘Ask the’ ' “

" children to complete the sécond pattern by, themselves. If
they seem to understand what they are domg, ‘let them do

F_— ¢ - - ) ~ v
- > X . . e Y L]

w e e vt v e s IS

IS
*

Y

i} - B v

.
. , - C v . E ’ : ‘aaq
e ¢ oL ® v . . 43 Wt e - . 33
x - LAY ,

*s Al . -




5.
5 * . ~ - N =
N ) . ) .//i/"./ N
© | workshéet 11 / Worksheet 12 .
' . |Tun1t1s ame: - : Unit 18 Name.-. , .
Redu thcne'dom)«—tht-hue‘pattem. ; . N
“Drav the new plttem on the small grid. . .| Draw your omn pattern on the large yrid.
. ¥ R = . ..j~ -Réduce it on the small grid. -
-1 .= - i " oy o i e
B .~ T T - M q- ]
R ) T i - . T e g Atiaeat Sl - 3 M _~‘ -
= = - - - T
! ORI S N WO SN A S e
: A N S
= — e v = . . Scale: ¥ large unit.~> 1 small umit
IUREENEEEE Pa— 4”.-—.-...-4. - .
et f | Scale; , 1 large umt £->1 small unit Make another. drawing.
) > Let a partner reduce it 'on your siall grid,
T deepeegeeof b o — ~ | | Does 1t look I'tke your larger one? .
—— = _— I . ' D
N T -~--—:—-~-—<0 i
; . R e R
,..,..—-—;r—————» -—‘\\_, ep f g
IRV B i . i , 2 ] '*T/P— . N
) . i L . 0 ’
B et A i _A‘wm;__'__’ww_é__;; \ = " . -
i \ acdle: arge unit =*, 1 smalf unit
i — \ T Scoler 1 large unit =—>1 amall unnt \’\ T '
- — X ) ° . ° N ',
B . A N
. Worksheer 12 mdependently. G1, e add1t1onal help af needed
- = —-The chlldren are to make a drawmg on. the large grid-and then
. . . ~réduce jt on the small grid.. Then they will make another. draw-
) ) .ing and exchange papers with a friend. This time they are to
- v reduce each'other's drawing. Each may check the other's
. paper. ) . ‘
Activity B ‘ co
- Preparation: o - N - o
- < For this activity the |- mch gr1d paper should be attached to the
w7 7 chalkboard, Put the-l-inch square on the projector stage, turn
on the pro;ector, and line it up so that the image of the |-inch
. ' ! squaré covers an area of the grid paper with 4 units.on each
. . edge of the square. (The prgjector will be about 60 mchesj v
) from the boérd\. ) Turn off the projector. ‘
i » .
. s . w

ERIC

Aruitoxt provided by Eic:
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Procedure: o ’
Tell the ch1ldren that you have put a grid paper on the board e’ ‘
, so that they can find out how much shorter the sides of the
square are when the .square ‘becomes smaller. Turn on the pro- TS

] jector and ask the class: s L i .

' HOW LONG ARE THE SIDES OF THE SQUARE? (4 units.j.

Record the answer on the chalkboard. Ask the chlldren how to .
- make the s1des of the square half as long. They should suggest.
. moving, the projector closer to the board until the sides of-the *
s square are each two units long. If the prOJector ison a movable
cart ask a child to move it as close as he thmks he should to
. make the image half as long$ . I

-

oot o, . .
? ) HOW MANY UNITS LONG ARE THE

: o © . " gIDES OP THE'SQUARE NOW?,

Worksheet 13 . , ‘ {2 units, " - e
Unit 18 Name_._ - " T : ) | . 0 A
‘Redgce the' dimensions by afactorof 2. - Tell the children th-e sides of the -

. ) - . square have been scaled down by:a <

" = ‘ . factor of two; two units have'be- N\

: i : come one unit. The sides of the T,
. , . ‘ square are now half as long as they

A ) ? were, The length of the sideg=has _
R been divided by two. (Npte‘thatwe . <~
o ~ T . use the term “division'/here, but we

I4

L vl ] | Have the children turn to Work'sheet‘_"f

' Seater Zunits =, 1 uni, i 13. Do the first pattern with the
T _— - ‘children. (A transparency, is .pro- -
§ _ ! _ vided,) Guide theé: cchildren to noticeg’
\\ s . .1 .| - thatj-asin the projected square, -
L 1 1 1. each two units along the gides of
g v - the shapes on the. Wm'ksheet will be-

.| "come 6né unit., Two units become
one unit; four units become two units.

- - ®

-+ | - .Have the children f:omplete the se-
Scate: 2 units = 1 und ‘ cond pdttern 1ndependently. Check .

. ) - o ' their work.
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: Lesson 5: ENLARGING AND REDUCING PATTERNS®"

i
-

] o The ch11dren practice enlarging and reducing pattems us1ng
, ' ) " the methods they have studied in the two previous lessons,
¢ ‘ _ First they scale up and down using grids with dlfferent sized
Co T ’ squares, and then they use gr1ds Wwith the same size squares
to scale by factors of 2,3 and 4.

1‘

Finally they scale a figure up » and then scale the enlarged fig-
ure down again by the same’ factor, arriving at theoorlglnal fig-
ure. This illustrates the fact that scaling up and down by the -
same factors'undo each other, and so lays the groundwork for ot -
the concept that multiplication and d1v1§10n are opposite~that - ..
I L . ) they undo each other. Because d1V1S1on has been/barely intro-
: ) ~duced in Unit 17, the divisioh concepts are mostly intuitive
T3 , here. 'We say that the sides of 'a pattefn.that arelscaled down

by, 2 are half as long as thé sides of the or1g1nal pattern but ,
@ g we do not write division ’equatlons. ) . -

© MATERALS v o

2 A © = overhead projector \

- geometric shapes: squares d1amonds tr1angles c1rcles
I . . , - Worksheets 14 through l9 ' \\

\

PROCEDURE . _— A

Activity A o ‘ ) .- ..
'. . ~ Set the overhead projector about 60 inches from the chalk-
| ,-' board . focus it, and place one of the geometric shapes on
the stage. Ask a child to trace around the projected outline
- on the chalkboard. Move the machine further away from the
_board, focus the image again, and ask another ¢hi'1 to trace
the outline of the projected representation. Then move.the
machine quite close to the board, focus it, and again ask a
child to trace the outline of the projected imrage. Ask the chil= N
dren how'the dimensions of the image changed when the ma- ‘ i
e " chine was moved farther from and then closer to-the board ‘ 8 g
Which properties remained the same? :

-

33 -
B
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E
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.

' stage of the pro;ector and have ‘ahcther child: Jrace its shadow

4 .. l

e 3

a . Kl

Repeat the actn{lty using the other geometric shapes . and . L

also thikgs from their desks or around fhe toom that the Chll"
"dren might suggest. As( a child to put his hand on the

»

S

on the chalkboard. Repeat Wlth tHe machme at another dlstance )
from the‘board In each case dlscuss wL,th the childr n which _

. Ask the class to turn to Worksheet |4 and. look at
representation on the middle-sized grid. Have th_ children tell
you what they would have to do.to reproduce the : ilboat\gn th
two otheér gnds . Guide them to thk procedure of ountmg tl'"ie\
number of units for each part of the°sa11‘bc5at bef e reproducing
that part-on another grid. Discus$ WBlrksheet 3 /m the same

Way. ' . \-- v ' . * * h . o

a4

5 %ﬁaheet‘ 14

Yorkshest iS5 RV

RIC .

Unit 18 Name, P unit 18 < Name £
& . o .
t ) .
e R:ql:::" s:: l:a ! "::ft . S Reduce therepresentation
° grids (¥ of the man on the ssall grid.| 7
+ L )
. ] .
A ) - - N
v y i L3
= x
» N .
A
. : : &
‘ - Pl . . 1‘ B %
. . . T scale: | middla-aised uait -> L'ymall uait
Enlarge the sailboat on the large: grid. . Bnlarge the mn on - 7
R ¥ the large grid.
. (4]
. - - A
N / -
Ty
. / \ -
/ k%
Y '
‘ \ - - r)
v Scale: . '
42 o 1 middlessized unit > - 4
. B 1 farge unit N
v [
~ . w0
1 R ; . .
1~y 37
-4
" - ‘
~ e )
, 7
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Workeheet 16 .
Unit 18 © Name__i

W
‘

2> - 1.7 * Check the*finished Worksheets. Then .
: i - : ' haveé the children ‘turn to Worksheet (

. y 3 “ | 46, On th1s sheet they are to make

/3 ' : . \ - their own «pattems on the middle- .
B — | | .sizedgrid, and then scale them up o

' 1 N o ~and. down. Ask some children to ex- T

~ ] : hibit their.work and tell what they “ !
AT ‘ L c . did, ‘ ‘ P ’

8/
%
»
IS

g
’
]
»
-
i 4

T U e ‘ ‘ Y
R - s Activity B : g\ y . .
a0 L Discuss ‘with the children what it means to them to scale up by
e -a factor of 2, 3, etc. The children should understand that when
Vel - S, ..  'the dimensions of an object are scaled up by a faétor ofZ, the
S TN ' léngths‘rof the sides become twice as long as the sides of the
v TN ) original; when the scale factor js 3, the lengths of the sides
\ o become three times as long. - Sy,
. . ) - ! AL
sd. , Have the children turn to Worksheet |7 and scale up the draw- .
;o ing first by a factor of 2, then by factors .of 3 and 4, making the
R sides twice as long as in the original pattem and then 3 and 4
3¢ * ‘times as long. Be sure that they understand that they are to
) v ) start at the dot$ and, work to the right and up. Work with the
children as they scale: ‘up the triangle by a fdctor of 2. When.-.
they work on the triangle some children may find it easier to
use a ruler to measure and then double the lengths of the sides,
while others may continue to scale by counting grid units, If.
possible the worksheet should be éompleted independently.
- - . \ R
' ' When the children have finished scaling up the triangles have
ther write equations for the length of the sides of the new fig-
ure s, ) . , .

-
s

P
-
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Worksheet 7

Untt 18 °

Make larger trianglea to acale.

T ‘Start at the dot eich time:

Work to the right.
Uae the ecale lM'll below each dot.

) / R
4o\
Scale: 1 unit —> 2 uits, -
¥
2 / \
4
! S;:T‘h bunit = Jumts ||
N —
N\
' \
\
Scate: 1 unit=> 4 units L 4
. Workaheet 19 *
* Unit 187 Name,
' Scale-up thia picture by a factor of 2.
] s s
3 / et o
B UERY LU I ¥
; ~
. -
\./ W i
Now scale down ths new picture by a factor of 2,
r
~ o .
~ ., S = -
fe thia picture the aame aize aa the on atarted

with?

%]

Pt

Worksheet 18 - .
Unit 18 Name, -
. : . - B
Scale down the larce rectangle, to.
Start each new rocun(le at the d\ct. .
4
9 1y
¥ u‘
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i —’/ . -d\g‘
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o i 77T * X
. ,,»" 3
I GUrs i
R }
Scale:; 2 units = 1 unit
Scale:i 3 =1 .

s

Next have the children turn to
Worksheet 18,. and ask them to"
scale down the'rectangle first by a
factor of 3 and then by a factor of 2,

Have the children do Worksheet 19,
without any preliminary d1scuss1on.
Afterward$ have them discuss what

- » they have done. They should ob-
serve that in scaling the same rep-
_resentation up and then down again,
one operation undoes the other.

P>

- v

ey




WHEN WE SCALE UP BY A FACTOR OF TWO THE SIDES BE- "
- COME TWICE AS -LONG, WHEN WE SCALE DOWN BY A FAC-

TOR OF TWO THE SIDES BECOME HALF AS LONG. WP'EN

WE SCALE DOWN WE UNDO SCALING UP,

e . LA T

Sc¢aling up is a multlphcatlon procéss ; scaling down is a divi-
sion process. We hope to develop an intuitive notion df multi-
plication and division as inverse processes. But itdis hot neces-
sary to spell this out to the children., The extension of these
d1vrs1.on concepts will be made in thlrd ‘grade,
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. Tesson 6: SOALING WITH AN ARCHITECTS RULER

An architects ruler is made up of six different scales, invari- "
ous multiples of a | > | scale. Tomakea représentation of a.

rectangle in.a scale_of 1. 3, you measure the original with - -
- ;TB‘ETH“‘é*I*”s“c‘a“'lé‘:amd=ther‘1bdpawutheffepf,éséntatip_n, using the
same number of units on the | = 3 scale, ) )

o 4 - R - ~ =0

/
(2]
I P ,
g
i
]
H
[
-4
®
H
L4
A

- - M

Wwith this handy tool you can ihcreas:e ;hekgimensions ofrtheortv——
.- ~ ginal shape by.a factor of 3, yvitﬁout using grid papér, counting .-
. . . . .units, or’ solving any multiplication-¢équations- S—

. : Thé children are provided a printed sheet from which they make
their.own rulers. They first learn to usé them, and then find
v out why théy work. When they use their own standard uaits-to
mark off scales along blank lines, it helps-them-to-see-how one
' ) cale is a multiple of‘another. The architects-ruler.is another °
3 form of the parallel number.lines the’ children were introduced
- to in Unit 17, where one line represented the riumber of kanga-
o ) . roo jumps ‘a"y sth.e“Bfﬁé'r represented the numb“er“bf‘ﬁm“imeach B
) jump.\ - . |

-

- e e e e e

B T " Prepare an arthitects ruler from the printed construction sheet
. facing page 42 before you teach this lesson.




° .
o

MATERIALS

- architects ;ule'r;,,(mad_eofrom'Wor)‘_cshee't-ZO) .

.. - =="for each_chila -

. R 4

- scissors . o

- .strip of construction paper, |'x 9 inches
- Worksheets 20, 21, 22, and 23 ¥

~

PROCEDURE . -
Activity'A Cee o .

, - : - [ ‘
- Using the | - | §cale on an architects ruler, draw a fectangle
4 units by 6 units on the ch@lkboard. Ask the class how they
might, scale up its sides by a factor of 2. QisCuss and try © -

some of the children's ideas. ]
. . f

T “lo- S .
LI - #| .| Then erase all but the original rec=
Feere | ofe “tangle and have the class turn t6 |

' ' -Worksheéet 20, the scaling fuler con=

struction sheet, ‘f~Te11 them that they
are going to makei-/aw/ﬁ‘ tool for » .
scaling, | L. \

Y ST

]
X

. Directions for ‘makifig architects
ruler: ' [

o u* o 18y

|
I N :
. Cut carefully along. the ‘bottom
vline of the lj-» 6 sc¢ale. The ,
top e&ii;e:: of fc}}e paper, is the tuck-
in flap; no cutting is necessary. .
‘ - s
2. Fold carefully along each line . .
~ so that the numbers face out-’
ward. (The thildren'may need
.help with th?" folding.) -

cdepun deis suy ejewy

*OSU L. 810 Y} JO yowe Suoje piog

oupl Bo330Q 43 Suore 3my

ssay opun l.u‘,g?"‘

-

2

Paste the flap above the | 5 I

scale to the underside of the

-1 = 6 scale, to form a triangular
., ruler,
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Now use the\a chitects ruler tQ scale up the sides of the rec-
tangle on the bpard by a factor of 2. Direct.the children to
look at the | = \I scale on ‘their rulers, and ask a child té"
measure one of the longer sides of the rectangle on the board
using this scale.\ Have him write the length ne'xt’to that side.

(6 units,) - Lo *

*

1}
. !

Then ask the children to look at the| | -2 scale, Select one
child to use this new scale to draw |a line segment that is 6
units long on the chalkboard. Thisj:G—unit iength will be twice
as léng as the longer side of the re
- « _ )
Ask a child to use the | - | scale to measure a shorter side of
the rectangle on the chalkboard and write the léngth next taait.
(4 units.) Then have anéther child draw a side on the riew rec- -
tanigle, using 4 units of the | - _2 scale, Finish the othe‘_z‘;\sides.

tangle, - EE SN

, _ EI\avé the class turn to' Works$héet 21

mtl":s*;;e_t a S : and measure the sides of patterns'A,

g B, and C ., using the | > | scaleon’
their rulers. . They are to record the
measurements along,. the sides of the

- shapes. Then they are to tum their.. \
rulers to the | - 2 scale ahd draw
each shape using the same humber of
units ‘on the Il > 2 scale, The dlmen-'
Sions of the new shapes should be
twice as long as the orlgmals. .

Z units

On,another sheet of paper the ‘archi-
tects-ruler can be Used to draw these
shapes to different scales, such as
[,- 3, | = 5. Encourage the chil-
dren to make drawings of their own
- and scale them up by a factor of 2,
3, etc. (Use the term "scale by & -
f'actor of ..." WhRénever appropriate,
. Q relate scaling to multiplication.)

0.

.




After the children havé used & few of the scales on their arghi-
L. tects ‘rulers, dsk the 1f they have figured ‘aut why the rulers ) \\ )
. . J¢an be used to scale up m\this way. If noone notices that the Vo
\ & units on the different cales are multiples of the 11 scale,
L . = “do'not try to point it out now. Go right into the next activity,
' ' which should help them discoyer this for themselves, If the - .
children already see' the relationship, Activity B will reinforce _ \
%
A

- the1r understanding . . \ L ’ i

’
I3 2

. . . Activity B ) ) L

e ‘ d ;\“\ i
J . L7 , K ’ ’ - o ‘ ‘
k In this activity the children will make architects rulers that a2 \
have only three number lines, but they will mark off the units \
themselves, Two of the lines scalelup from the first. Work~- oo
sheet 22 shows a ruler with nelther nits nor numbers on it, / X
Give each ch11d a str1p ot construction paper | x9 inches, o ! '

Have the chridren measure a |-inch p..ece at the end of the
. strip, mark it carefully, and cut it, off This is their unit’

- : marker., They are to place th*é‘ I-1nch unit marker at the zero‘ N
. of the ruler's first line and mark ofi a unit length, thén move T
v the*marker-to that mark and mark off &riother unit length, and
’ so on, until the complete line is marked off into equal units.. 4
} The units should be marked below the line. “ .
T '.. .‘.- ., ) ’ . " S ' . N ‘ ~'. '
. - | Flap : C ’
‘ .- . N o ‘L’ \
\ = ' i R LR L Jo0T
. . . 8] : : . B 'fl .
O : : N T T I r
. . V) ’ "
| — T T \ j
. 0 Q‘ . \x‘ »
. N X ! B

On the next line the chxldren are to make a | = 2 scale, With ~
the ong-unit piece, they mark off two units at the end of the,
construction paper strip, They cut this off and ‘use it to mark

o off the new larger units orfthe second line again startmg at

Zero,



' - - -

- ' Y.
Ve A 0

Next t e%Jse the one-umt piece to measure off 3 units at the )
end ‘of the construction strip. They cut this off and use it to e
mark off still larger units on the third lme. '

s When the children have finished. markmg off units on the three
s¢ales, ask how the length of a unit on the second Iine com-

p?res with-the length of.a unit on the first liné, (It is twice e

as 16ng.) Explain that this is why we call the second 1 ne a
R ENY scale. Have them label the scale. e

P

sk how the length of a unit on the third 11ne compares with the
length of a'unit on the first line, (It.is three t1mes as long. )

*

The scale is therefore | - 3. Label.it. ’ £ -

-

It may be more difficult for some =r:hlld'ren to understand why
the first sc¢ale of standard units on Wthh the othier, scales are
based is called the | -> | scale. .If S9, go back to\the original
/ rectangleon the board and have a child measure it with the

/ I > | scale and then draw a new one also using the | > |

, scale. They w111 see that the new rectangle,is the sanie size
/** as the original. This should help them understand why a scale
/ that produces a drawing in which | unit }’epresents | unit of the
N or1g1na1 is called a | = | scale. Have them labeL the scale.

[ wa they should nurber each of thei; scales.

~TFlap

v - _ - . " . . . i '
! - \ ' T
N Y

/' 1 1 2 . , \‘ ’ ' \
[T T T X ‘
o . 1 2 .l | ‘ B
o2 - * ‘ ‘
T S Ee— N

“: |0 \\ i . } A ‘ - X
Fo |23 S~

ctivity -C , T ‘

/ .. Have the chlldren look at Worksheet 22 and at Worksheet 23,
Wthh is a duplicate of the one from which they made their

4

j

[~ ’
Qo 45

o
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AY
| archlteots ruler. Point out that these parallel number lines
l} are s1m11ar to the ones in Unit 17, Lesson 3. Each larger scale
\ © + s related to the | = | scale accordmg toa mu1t1p11cat1on
(scale) factor., Since'one unit on the | > 2 scale is twice as
lofig as one unit on the | - | scale, one unit on the | > 2
< . scaleis equlvalent to two units on the. | = I scale, 2 units on
Tl the | = 2 scale is equ1va1ent to 4 units on the | -9 | scale,’

-
€ . .
LY
»

e etc. . : .
R $ N

/ ) After the ch11dren have had adn opportunity“to ‘examine and d;s—
. * cuss the scales opened ﬂat, if they wish to they cah Muxe

: e ~. * anéther architects ruler from Worksheet 22 by cutting along .

. B - the bot*om line, folding the flap in and pasting as before. The

’ - children can make | >4, '>5, 1->6,and | >.7 scales on
larger paper if they would like to, and use these to scale up ~

* their own drawmgs . _

e

Thé- arch1tects rulers made “from Worksheet 20 should be saved
o ’ for use in Lessons 9 and 12,

- -
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Lesson 7: SCALING WiTH MINNEBARS. -

&

: ‘In this lesson the ¢children will use Minnebar shapes and rep-
i R resentations of Minnebar shapes to help reinforce their under-

i standing of scaling up and scaling down. Work with area .is
introduced here, buf this is secondary to-the main purpos& of
learning to scale lengths. Simple arrays are used to illustrate

) - the use of multiplication for finding area. The children first
‘ . " multiply length and width; then they can check their answers by
' ‘ counting the Minnebar units in the shapes they build, Note
‘ . that the work in this lesson calls for scaling in just two aimen-'
sions, length and width. ' ' .

MATERIALS ' ‘ o ' LT
- - for eachchild =" N

'~ setof Minnebars ‘ < ,—\\ '

-~ Worksheets 24 through 29 | = _ . )

\
A\,

- " PROGEDURE . ‘ T ~
: Activity\Q . ‘ L et . .
- ) Each.child s‘h»ouldAhave a box or ba{; of Minnebars on his desks .
. ' Student Manuals should.be opened to Worksheet 24.

) Have the children place a |-unit Minnébar in the square on the
— . uppér grid of Workshieet 24, Ther ask the children to use other ‘
» Minnebars to make a shape that is similar to the black I-unit
. ’ , Minhebar but whose sides’ are twice the'length of the sides of
. the black bar. The larger Minnebar shape should be built in the
space providea’below the first Minnebar représentat_icn. Haye
’ . the children trace around the larger group of Minnebars,

. ' WHAT HAVE YOU DRAWN ON YOUR PAPER? ~(An outline of
- a l-unit Minnebar scaled up ‘by a factor of 2, 'I_’he sides
are twice as long.) ‘ ‘

Some children may build a shabé
that looks like this: -




4

They arrive at this by §‘caling up two of the sides aﬁd stopping
at that. In this case, emphasize that the new_shape must be
the same as the old, and therefore they must scale up all four-’

sides, % i |
. // . : A

On the lowe/x/part of Worksheet 24 ask the child;en to start
with the |-unit black Minnebgy again, but this time to scale
up the sides by a factor of three. The sides of the new shape
T they make will be three times as long as the sides of the .
b ' black Minnebar, Téll them to build the new Minnebar shape
on the paper under the black bar, and then t6 trace aroun it.

Some children may like to scale fhe sides of the I=unit"Minne-
bar up by a factor of S. Thi§ is shown on optior"lal..W_éfkshee
25. ’ :
O : .
8 Return to Worksheét 24 and ask how many Minnebar units were
o needed to .build the first shape (1), and how many were needed *
. to scale up“the dimensions by. a factor'of-2 (4) :

. ”

%
L

Draw a representation of the I--unit shape on the board.

. A
.

HOW MANY ROWS ARE IN THIS SHAPE? . (Oneé.)

: HOW MANY COLUMNS ARE IN THIS SHAPE? J
- (One. ) ) T Px 1 =1
. ;o

feg * : /”} \ . g . .
« - Write the multiplicg{.ion equation for the aréa of" .
+ the shape on the board. :

v

HOW MANY MINNEBAR U ITS WERE NEEDED FOR,THE
SHAPE? (One.) o T - !

2 Point to the product, i \

2

N ! Repeat with the scaled-~up shape. Draw a representation on the
o board. ' :

| . . 59
48 . '«....\,-..:"

%




- ~ 4
Worksheet 24  ~ T . | Worksheat 25 .
Unit 18 Name___- . - . Unit 18 ' Name,
) " - -
Put a i~ untt Minnebar on the square. ' . ) SCIl' up the sides’ by a f-ctor of 5. / \
Use more Minnebars to scale up the dlmenslons (the [ } 7 ! ~
length of the sides) by a factor of 2, S _-J;‘ ’«L'*'T" -
. » - . ~ -‘“ i i
. - - J
Lo
o}
T 1x| = | . { I .
- R R .
- L ¥ ] :‘
- R R T P S S
= . . oo
L c | X -
: R 242 <4 T
Scle: to~ 2 . « . - i i i
) ’ ’ . . . k3 .
Bufld snother 1-unit Minnebar shape. ’ Sc-le'B’ule,dl_ ons by a factor of 4.
Scale up the dimensfons.by a.factor of 3. [ - -
]
U DU S 1.x = z
121l =] .
¥ B .
3 * 3 9 x 3 =32
Seales Yunit = 3 umis
. 5 ° - - .
VN . ) ] i ‘ ,
T, - - / -
. - - . . » ’ . v
- .- -y [.

-, HOW MANY ROWS ARE IN EHTS SHAPE? (TWO ) -

HOW MANY COLUMNS ARE IN THIS. SHAPE" -
Two.) > . ' 2x2=4

-

Write the multiplication equatlon for the area ot
the shape ~ . i

L9

HOW MANY MINNEBAR UNITS WERE NEBDED FOR THE
WHOLE SHAPE? (Four.)

IF-WE MULTIPLY THE NU’\/IBER OF ROWS BY THE NUM -
BER OF COLUMNS IN THE SHAPE, WE CAN PIND OourT
HOW MANY UNITS, THERE ARE IN THE WHOIE SHI\PE
THIS IS CALLED. THE AREA. (Point to each part of the
equation as you méntion it.). |

Have the children write the equations for the area next to each
shape they have worked with on Worksheets 24 and 25.

A ¥




Activity B - : * ' ' '

" You may hav.e to proceed step by step with some students.

Have them Count the Minnebars along the sides of the shape

to find the iength of two sides. These are-thé two factors that _
they must multiply to find the area. , They can count the squares
in the entire shape to check their multzphcatlon - -
Even if some children have difficulty with area equatlons they
should move along with the rest of the: class, ‘building and

scalmg the Minnebar shapes and countmg the units to find
‘the area. ,
N3

Have the class turn to Worksheet 26 and build the Minnebar
shape shown. Ask the children to count squares on two sides
of the shape and tell you what equation they would use to find
the area (4 x 4 = 16). Write it on the chalkboard. Then &sk

the elass to build a new shape reducmg or sgaling down the
length of the sides of the shape by a factor of 2. Theé sides of
the original shape are twice as long as the 'sides: of the shape
they will make. Each two units will become. 6ne unit, and -each
4-unit side will become two units.long. You can show th,e class.

|1 Worksheet 26 -~ °
Unit 18

41

P . Se-h 2«

o

JBcale: 4 > g

Name,

a_2-unit bat and a l-unit bar and
then a.4-unit bar and & 2-unit bar

- EX .
Scale down by a factor of 2.

Bcale down by a factor of 4. ‘ ‘ for the area of the new shape.

write the equation for the area -of the
an reduced shape. (2 x 2 = 4) |
. 1@ /7 ': o . .
3 ‘ In the second part of the worksheet
/ _ the children scale down from four to
- one, orby a factor of four. They be-
gin by using the same shape as be-.
‘ fore. Remind them that evéry four -
w2 4 : units along the edgelof't;he shape
should be reduced to one unit. "Ilave
- them write the multiplication equation ..

. / to help them see this. Have them

-

LY

x \.\\
-

n

o hx =)
R R - o , ’ N \
o N Activity C . : s
4f;.x 4= lé X . . ‘\ !
Discuss Worksheet 27 with the chil-
dren, and then have them scale up

the sides of each répresentation by a

Lo« d -1 -] factor of 2.//They are to complete the |-
‘pag/e/byﬂwrlting the equatlons for the R

/area. . _ o !

4




. ‘\J
~, M
_
. ¢ a
T . Worksheet. 27 Worksheet 28 *
: Unft 18 Name, - . + A . Name,
Scale up by a factor of 2. . . Buildithis shape "iti\ Minnebars. ,
Write equations Tor ‘each area. ’ thé dimensions by a factor of 2,
- t. 3 y < ' 4 -
r__m.;‘A__‘i . * 6’ ,; ;
‘ i ' 2X3=__.____’ - ! E Rowl__L_.x_z___._zl__
s » I | N >
» . — i J:- Row 2 ‘ x 3 . 3
T .
- d I ) ; Y
‘ 2 2 \ I . ' Unite tn the whole-shap 5
* - N . i
\ \ i
- \ T .
S T ' . i % Fart | 4 x 4‘-8
& - . 3x2=_0__ . i I B
- Yy 'w-;"B*‘A . - v T—_—_ - ‘)1 . '; ;'w X )
o SR I ' A W iJT. by el < b .12
T, . ! s X p ’ /: \ f i -
" ] - 7 ! ! Units 1 the whole shape lo
| N
. N H
b x4 =24 et
R o Scala: lkl .

. ) ] | . \

~

In _a class discussion, compare the represent“atlons and equa—
fions of patterns A and B, Ask.what is -similar and what 1s dif-
_ferent about them, (Similarities: Same total humber of units,
same numbers used in the equ&tions, same shape. Differences:
o Numbers in different position in the equation, rows and columis &
' in reverse positions, different position of;shape on the papef.)

-

Activity D e T . B \ . .
' Have the children turn to Worksheét 28, They kave done the
- same type of activity before on grid paper, but l;X(orkmg with

Minnebars may present different problems., Ask the children to
suggest p0551b1e methods for scaling the irfegular flgures. If

"' no one suggests it, show how each figuré can be~d1v1ded into -
two rectangles Wthh can be scaled one at a time| It may help
the children visualize the problem if they physically separate
the two fows of Minnebars,. ,

*

\'4
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Show a two-part equation, ~adding the products for each rec-

tangle to find the product. for the area-ofthé complete fxgure.
—

~ . ’

> N\ ' »

- = : . :
- . . ——> -
. . .
. . ‘

S 'x3=3- "  .2x6=12- . - c

° ) LN
. B

apq v g,
(R

Scale and write ‘equations for the area of the shape step by step
with the class, Let them do Work-sheet 29-independently.’

A ) ‘ ‘After the children have scaled up the irregular shapes in

Z- : ~ sections, have them'méve the Minnebars together to see

- o ' . what the -new shapes look like. '

v ’ L

e i N RN

Worksheet 29 . -
Unit 18 - Name X

Seale up by 3. 1« |

.Unlu In the whole shape 3

g o TGS T s T

s N . .

-~

'r?m 3~x\3-7v . .

i3 6 . 18

Units in the whole snape z 7




' °  Lesson 8: THREE-DIMENSIONAL SCALING ‘

. - —_—_____—-——-

. . In the prevxous lesson the childrer scaled two. dxmensxons of”
anebar sha,pes. They- used arrays to»help them visuahze

UL l}ltfﬁhcatxﬁﬁ“for finding area.. In this'lesson the ch11dren will ]
e - scale all three dimensions 6f thé Minnebars, Three~factor . -

multxphcatxon is introduced &s one of the ways to find the num- '
ber of umts in the three~-dimensjonal shapes. .

:
\ S o T N i -

MATERL’-\LS o ] o

- for each child =~

_ = | set of anebars : -
’ - .= Worksheets 30, 3l '32 and 33 ) B
Activity A N
s ' Each child should haVve a !-unit Minnebar on hxs desk., They

have scaled two dimensions using Minnebars, and now they

are going to scale three dimensions. Ask a child to show how

he scaled up two dxmensxons of the I-unit Minnebar in the last .

lesson, Then ask how he mlght scale up the Minnebar in-three

dxmensxons by a factor of 2, Through discussion the chxldren )

should tell that in-the last lesson they went through the follow=

1 s ing steps - ) \\ -
. . . vt

e " . Thé one-unit bar . B |

\
. C . T i . \
was made twice ; « . . -
as long, . )

-  anar
twice as wide.
\ . ’ ‘ ! A

To scale it in tﬁree dimensidns the? will have to also make it
» twice as high. . ‘ - \

Y

- "




H

'Ask the children to make a shape twice\as lond, twice as wide

and twice as high as the |-unit bar, , After th_echildren have
built the shape ask them which propert1 of the,l?ar have
changed—and. which. have remained the samg, (The length of the.

" sides and-the total number of units have ¢h nged but the shape

has remained the same, )

I

B e e e e = P,

For the first activity. the chlldren should bulld the shapes from
separate |- umi; Minnébars, but latet they may heed to use

//

T ‘- _ularshapes. R 3

other bars so that they will have enough un1ts to\\mak,,e pa;tlc‘-

Check the children's work and help those who aeed\‘tt befv\re .

/beco M’;"”"”.”’ ) ;-

contitiuing. Then tell the children to put alfthe barg aside,
except f()r~one I-unit bar. " Have theni‘ sCale it I > 3.

e

~

Beforet y~begm~to~work—ﬂfrey—s hould be able to fell 70 that
they will need to make the followmg changes

.
« \
. -
«

The I-—q,mt bar wxlI

three tin€s as long, -

T T e T T T T T . 4

.\ A
P * o

three times as wide,

— 8.

and three times as high, - ‘

" N ) ) B . M

Have the children make a ﬁgure that is three times as longs,

thrée times as wide and.three times as high as the | -unit bar, . )

They should see that the shape of the scaled-up figure is simi~
lar to the shape of the I-unit bar, but that all the sides are
three times as long as the sldes of the l-unit bar

(AthVlty B should follow 1mmed1ate1y. “The chlldren will be
using the shape théy have Just made )

<
2 : (.o

b U\\ t
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—Kctivity B
Check

the ch
ways

the | = 3 Minnebar shapes mdde By\'the children, ‘Ask ,
ildren to look at their Minnebar shapes and to think of

o -decide how many Minnebar units. are*jn it,

Ask the '

‘children to'write an equatlon for the number of units found m\.
-7 the "*ﬁ) layer, T

7B

Q /

3 x3=29
/

*

N .AC
s[here are ang how they could show- ' I
The c’fnldren may suggest laying out the
three separate layers, computmg the un;ts in each, and then
. 'addmg hem to get the answer,

4

. Then ask 'how many layer
this. in aquatlons

~

«

. L'a\yer 2

&

L_ayer‘ ]

- ¢ *.
Total number,
of unijts »

Layer 3
¢ '

-

RN

4

|
\
|

9
. .l '9
9

27

-

3x3=9 3x3—9-..» 3x3=9

o~ {‘

-

Someone’ may ‘come up with the idea that s\1ce there are three .
, layers they could.use’a. multlpllcatlon equat} n (3 %3-=9and
3x9 = 27, or,3.x 3 x 3 =27), If nochild mentions this, method,
you may 1ntroduce it, but do not stregs it. (Thiy is the first

introduction of three- factor mlt1phcat10n in Lhe' INNEMAST,
program, ) '

] o

R4

L}

*

" Next have «the children put all.the’ bars aside except one I-unit
bar,, They are to rebuild the shape they made when one l-unit
bar was scaled up by a facfor of 2,
v \ ' Lo
Work w1th them to dcvelop cquatlons for the layers and fmd tﬁe
. total number of umts in the object. \ .

60 e

-

"

T




[

2

ERIC

Aruitoxt provided by Eic:
1)

’

. 2x2=4

The cblldren can

calculatxbns -aré correct, = *

~s PRENEEPEEN
.

, Act;vity: G

Y

" Have the class turn to Worksheet 3¢°. Do it with them.

.t or2x2x2s ek Co
/ . . x.-

.-, Layer 2" . Total units

: .

¥ ‘ - 4
. - - . +4

s 5 >
, N~ 8

\ ! . oL . \

2% 2=4 = " -

3 -

’ . N %

count the umts m the shape to. see if them'

n' - } -..

; \

.

First

build the shape inal =1 scale with anebars -and then scale

up the tiree d1mens1ons by -a factor of 2 (l > 7 scale)..

N e l N L K 2
. \ ) iy
ol , - A
" The following changes mus 1; be made!
e
: : ! .
. ﬁ‘ k * ~ .t . )
. .. BN / - - ' . K
The 3-unit shape AUSAw. ‘ . . .
becomes . ¢ . ;
PR v N
- b . .
twice as long, 3 .
¢ LY -‘ » - ¢ L4
- < - - ‘
. » ] . N .
. - * ““ . POLh R - bl - o
twiCe as wide, A\ . . .ot
‘ . o Y . ” '
L « ¥ = J
and N
. i ' . ¢ .q & f '
‘twice as high. : i ) |
’ ’ ™ - g " .“z ) . ’
. ? . . ? v
- . > e I3 AR -
* . o, .\ N ©
C e , . ] R
oo .
' 2
' IR |
° Work with the chlldren to develop equatlons for thHe lay(ers in ‘
ot A
th1s shape. ~ - K b o R
> i n LR
. A o
N \
' 3 . ‘ . ) 7 ‘\(‘
- . e - . . . ‘.x ..
- s 0
. N t‘ 4 )
- i - 6 { ' " . -t s
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. . R -'/‘ Y. . . 5 .
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c e - ¢ <y o0 « o, ’ 2 i
e - < ‘: N ‘ ‘ ! N ;
- . i . » . v ‘.' N f
£, L e ;
‘M‘ N . L / _\n ) . j .
- - ’ . , ; . “ . o -
' . /T layer | . .Layer 2  Tofal.number .
. .. N -, K . . j . . . . : Of units - ‘ v, '
., . . ) T = ' ‘. ‘. . - . . -
. ‘ f_.j'-l 1‘ NEE . +12 . -
y .. '—'73. '[ 7 /‘ * : 7 . 24 'll )
2x6=12" - 2x6=12 -
. ¢ . . . . ..o‘ ~ c ) . ¢
L or -'2'}1:2x.6'-_-.-:'24 Ly
» . r A >
) . When Worksheet 30 has been ¢ompleted, ask the children fo se- . \
B " ect one or more _of the plans on Worksheets& 31, 32, and' 33, . /
They are to build the shapes with Minnebars and then scale ' '
’ ' them up By a factor of 2. Although itis more difficult to write
L multiplication -equations for the irregular shapes on Worksheets W
. : 32 and 33, '‘some. chlldren may enjoy the-challenge.,” . ot
o a . P4 . c ) ) & a.,...._.......l T
L = - » .t - "‘ ,', - . Ty ¢ )

i © ['Worksheet 30 ' 1 | vorkaheet 3t - - I s .
1t 18 . Name: — ! Unit 18° * Name: . . - ] o
t1d this shape with mnnobirn. ;'.- " T ‘ Build-this lhape with idinnebau. s NI o :‘9
o 'c"' 1t up by a t'“" of2. - o ) .| Then scale 1t up by a factor of 2, .’ )

) - . Write equations for the fuiber °f unfts 4n r" new °""‘ . Write equations for the number of units ln thé new one. ’

K . . - . 1 ] \ - ‘ Y

- . v Tt - i S : P
N “ \ . > 1 ‘
¢
. . r 1
“ } M ~ . ’.,‘ /.
; S 2 o ) ‘ '
. ‘ .. ' . Layer 1 d- x ,b = A ~ . !Ayer 1 —LI_ N LJ = {é \
. ) ‘ . . [ ) . 6 . C e " ! . ’
~ ) ’I“V"z‘z‘ % = IQ'Z Layer 2 LI xq;=/6
. ‘ v '\T - v : & B ’ .
Total units or shape ) L% ) ;| Total untts for. shape ' -
> ) © Layer {12 oo 7 “ie Layer t /b N
. “Layer-2s1 2. A RN I ! layar 2 ¢/6
24 N 3z
. . ° T . - A\‘ o oo . . -
ori v o N or ‘ g
- 2 « 2 x.6 =24 f ) 2 ix 4 « 4 32
[} * t - - > '
) e a ('i: i [y . . ‘
[4 - A ;) N - ~ ™
- ~n LY
N . . oo a ~ \
) , * | X .
| . » ‘, a ! e RU .
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> . H - " e
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' Activity C ' . o ‘ l
For this activity the children will use their architects rulers.

_Divide-your-elass—nte-greups—oithroc or-four-and ask each
group to pick an object to scale down so that its representatlon
wiillfit-on ""url-nhw,m 3o \c “ L_}IIU pdper). . )

Take a few minutes to discuss possible objects to represent.
They should be larger than the worksheet. Rectangular objects
such as doors, tables, picture frames, or large blocks are
easiest to work with. (Children who are skillful enough should
not be restricted to rectangular objects. ) ] .-

The chaldren are to measure their grids with the | - | scale
‘on the ruler. This tells them what dimensions they will have
room for on the paper. (21 by 16) Then they are to measure

; . the objects they have selected with the | - | scale. . Since
the dimensions of the obje=t are ‘more than 21 by 16, the work-

, A sheet page will be too small for a | =.| representation. They "

should therefore try measuring the object with the | = 2 scale
on the architects ruler. If the dimensions of the objects are
less than 21 by 16 of these larger units, a 2 - | representation
will fit on the worksheet. If the object measures more than 2|

, units long, they will have to try measuring with the | = 3
scale, and so on, until they find a scale that fits.

_Nowﬂt'hcy can make their representations, measuri he object
with, for example, the | = 3 scale, and then mak;\gthe draw-
ing with each | = 3 unit represented by one unit of the | - |
scale. Have the children in each group, show their work to the
class and explain what they did.

Note that to scale down with an architects ruler, you never
start with the | > | scale as you do for scaling up. Because
you\are scaling down you always start with larger uvnits (such

as I'=> 4) and make your representation in smaller units (such-
as'l - 1),

-1
Cu




Lesson 9: SCALING IN DIFFERENT KINDS OF UNJTS

{
. \ In previous lessons the children acqu1red a feeling for
| ‘sg and reducing by scale factors of 2 and 3
| .~ Signed to show that it is possible to m{

enlarging

This lesson is de—“_m"'""""=

ake representahons-of\*

In the first a tivity the ch1ldren begin
¥ flth“paper-e—la-ps-a& scale units, Then

umts to usej including unsharpened

e

g objects using any scale,

Rey. selsctather-seate
ncils, thumb W1dths
’Fma}ly they @easure objects in

Qm In feet and draw them on thfu papers in inches, \

I MATERIALS

aﬁy other unjts of their choice.

o

L)

[P 4

/

G-

— archi ?‘gler (from Lesson 6) N
J L 3 4?“ .
\ - Work he"é_%’gi . 35, and 36/ \
. . ] / ) . o
| PROCEDUKE E? / : - e
‘Activity A d - o

I3
Y

ot i
AL

Tell the chi dren that they are going_to use a new unit of meas-

- urement to af\e scale repredentations, Worksheet 34 shows a
number of pe; ferns they willwork with,

pr

e
JE—
'

HOW ’\/Ilfl\&\ UNITS LONG ARE/’I’;HmS OF TxIE RECTANGLE?

\ (2 units ¥ 3y § units.)" : g””“’wm ——
| / | ! :
&= s Ask the chigdren how they &duld make a representation of the—_
% rectangle f5ing paper cllpé. (Use 1 clip to represent each line
\ \ segment qn;the edges of tlz,e rectanyle.) Distribute K0 #1 paper

\cllps to ept:h child and haye them make paper clip repyesenta-

| © ions of eabh pattern on Wor}'sneet 34. 2

I _ VO

7 0 : -
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i . ,’ > /! \\ ] . ’, -
Lo ’ :
“ ’ :
o \ Worksheet 34 , _ .
Unit 18 Name, .
. The first one should
R _—I l_ —l look like this:
e ——
' e W W)
RN / \\ - N

Seale o

{ line sAgment

t lipe cegment

| line segment

t litne seqment

! hine seqgment

)
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T,

ERIC

Aruitoxt provided by Eic:
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And here 1s another
scale unit: '




\ Next give each child 10 jumbo clips, and have them follow the
same plans using a jumbo clip scale. Have them make some
- patterns side by side inregular. clip and jumbo—elip—scate:

-
»

______'____,_,_———————beave it 10 the children's ingenuity tq..fmd disks in the appro-

—— ~~ priate scales for the man's head When they have finished,
: collect the paper clips.

\

| .
Call attention to the scale at the lower right hand corner of the
worksheet. The first two scalles are shown there.

Ask the children to suggest other possible standard scale units
—thumb wicths, unsharpened pencils, new crayons, rulers,
children, etc. Let different groups of 2 to 4 children use dif-
~ ferent objects for a standard unit to make representations of

the star pattermn. They should mark theéir scale unit on Work-

\ sheet 34, below the paper clip scale. The children may need

) to work on a table or on the floor for the whole pattern to fit.
It i important for them to notice that some representations are
too larqe to be made on their own desks.

«

. Activity B

Ask the children to~help you solve a problem. Tell them you
wish to make a representation of the chalkboard (or another
large rectangular object) on your paper. Turn to Worksheet 35
(I-inch grid paper) and then ask them what facts they would -
need to now before they could decide on a séale. (The length
of two dimensions of the object, and the length of two dimen-
sions of the paper.) Make the measurements and record them
on the board.

HOW CAN WE DECIDE WHAT SCALE WE SHOULD USE?

After some discussion you might suggest that the children try

the scale | foot -» | inch. Let one foot along the edge of the
] object correspond to one inch on their paper. If the paper is
;' too small, increase the scale so that 2 feet'>.1 inch.” Con-
" tinue in this way until you find a suitable scale. Now have
the children draw their representations of the chalkboard on
Worksheet 35 and record the scale at the bottom, .

61




Activity C

)

r

.For this act1v1ty the chlldren will use their architects rulers.
Divide-your-etassiategroups—gi three or-four-and ask each _
group to pick an object to scale down so that its representatlon

, s~y . Weilhfit-or-Werksheet~3t-(z*grd papery:
TaKe a few minutes to discuss possible objects to represent.
They should be larger than the worksheet. Rectangular objects
such as doorsl, tables, picture frames, or large blocks are
easiest to work with. ((;hlldren who are skillful enough should
not be restricted to rectangular objects.)

The children are to measure their grids with the | - | scale
on the ruler. This tells them what dimensions they will have
room for on the paper. (21 by 16) Then they are’to measure
; . the objects they have selected with the | - | scale. Since

the dimensions of the obje~t are ‘more than 21 by 16, the work-

, , sheet page will be too small for a | =.| representation. They
should therefore try measuring the object with the | = 2 scale
on the architects ruler. If the dimensions of the objects are
.less than 2| by 16 of these larger units, a 2 - | representation
will f1t on the worksheet. If the object measures more than 2|
units long, they will have to try measuring with the | = 3
scale, and so on, until they find a scale that fits.

4Nowﬂthey can make their representations, measuri he object
with, for example, the | = 3 scale, and then mak:gthe draw-
ing with each | = 3 unit represented by one unit of the | = |
scale. Have the children in each group, show their work to the
class and explain what they did. -

Note that to scale down with an architects ruler, you never
start with the | = | scale as you do for scaling up. Because
you\are scaling down you always start with larger units (such

as |'-> 4) and make your representation in smaller vnits (such-
as’'|l - 1),

-
-
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Lesson |0: MAPS AND A WALKING TRIP . ” -

,’—s - PR N
- #7  This lesson shows the usefu ness of maps of different scales———

ta.depict the.same-area in GWWSS&@M&G&M@MMW
inch represents one block of a city on the map,  more detail is ‘\
shown than when one iﬁch on a map of the same size represents -0
one mile of the city. A film Maps—Where Am I? is used to

. acquaint the children with general mapping ideas. Then they -
go on to work with maps of different scales.

1

While the children are working with maps they.may enjoy look~-
ing at A Map is a Picture by Barbara Rinkoff. 7

CS

MATERIALS

— film: Maps—Where Am [?

\ ‘ . - Bafbara Rinkoff., A Map is a Ricture

s — 24" piece of yam for each child

3

- quksheet-s 37, 38 and 39 ) -

. .
Activity A , ' .
The movie Maps—Where Am 1? provides background for this
_ lesson in unusually lucid form, and reviews some concepts al-
T ~  ready introduced in the unit. )
*
.. - At the beginning of the film a comparison is made between a
house plan and a map. An aerial phdtograph of a city fades in—-
o tn a map of the city, to serve as a bridge between the concrete
'/ and the abstract. . Aerial phgtographs and maps are shown of a ’
o ‘ city, a county, a state, the country, and the world. Map sym- ,
e . " bols for roads, rivers, direction, etc. are introduced. A spe-
T _ cific scale is indicated on ofly one map (1 inch = 48 miles).
Near the end of the film a comparison is made between a man
and a photograph of him to illustrate scale.

- . Make every effort to obtain this film, because if you cannot
‘ show it, you will need to spend much more. time making sure
L : ~ \_that the children understand the following activities involving
maps.

T4 @
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-

-

Preview the film with two or three children and ask them what

they think are some of ‘the irhpnﬂani—ideasﬁf}ave—them—secht

—a few things to tell the class to watch for in the movie, (Hav-

pe

-

ing semeth,ingbgpcuﬁc t0100K™Ior can motivate children to :
watch the film more attentively,) Then show the movie to the,
class and discuss it briefly with the <hildren. If possible,

show the film again’ after the children have finished Activities
. Band C, ' )

°

Activity B, . ' .

Ask the children to tumn to Worksheet 37 in their Student Man- i
uals. Help them study the map by asking them to locate repre-
sentations of particular highways; rivers, lakes and important-
places. Tell the children to use the scale to figure cutithe dis-
tances between particular places on the map that they or you
select, TFor measuring the length of a trip from one location to
another, give each child a biece of-yarn about two feet long to
lay along’the streets., This makes- it easy to measure ariound
corners. Then when they want to figure the distance between
the two places they can lift the yarn from the map ‘and stretch

it out next to the .scale.on the map, rather than trying-t mea-
sure sections of the route with a ruler and adding them,

Tell the children that they are going to'imagine that this is their
. city and that they are goihg to plan a walking trip from their )
schoodl to the zoo, Ask them the following questions: '

WHAT WILL YOU"NEED TO KNOW IN ORDER TO PLAN THIS
TRIP? (The location of the s¢hool and the zoo, and the

" distance along each street you must walk on between the
school and the z0o.) - ‘

HOW CAN YOU USE THE MAP TO HELP YOU? - -

. As the children suggest what to do, let them try some of their"

o ideas. If they do not suggest it, tell them to draw a line show-
ing where they would walk to go from the school to the zoo.,
‘Next ask them to turn to Worksheet 38 and study the map

- showing the area-around the.zoo and the school.

PN -3

- WHAT DO YOU NOTICE ABOUT THIS MAP THAT.IS THE

SAME AS THE MAP“*ON‘WORKSHEET 37? (Some of the same
places are included.) :

-3
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\!orkshéet 37
Unit 18 . ;

Brosddsy | Aven.c

7in Sueet

Naine Aver ue

rns v Aven

Saryiard ALcnse
alale

-

35,80 ks Prove

1
-z-nch-i" te

taghou 2 miies

a——@

worksheet 38
Unit 18

froadw 3v

o rreet

4

ol - - <

+ 3:ztoot | | ¢

® ¢ <

3 -

— 24 o
o Steeenf 2

a - =

- ”

- “

I*h Street

Ath Steeet

SCALE: A

Vanch # *2' mile
3inches s t mle

JOTF 2O RSE

13th Street

+2 Street

7th Steeet

1ith Street

mee's
House

ttn Sueet

Flonds A/ense

t

9th Street

. ’.(‘,.“

New York Avenue

~

oth Sueet

Washington Avenue

.

WHAT ARE SOME STREETS T
' * (Broadway Ave., Caslifomia‘Ave. ,

HAT YOU SEE ON BOTH MAPS?

7th St., Marylanq Ave.)

AVHAT ELSE DO YOU SEE-ON BOTH MAPS? (Zoo, school.)

©

. WHAT DO YOU NOTICE ABOUT THIS MAP T

ENT FROM THE MAP ON WORKSHEET 37?

area is included, and that area is s

-

HAT IS DIFFER-
(A much smaller -
Hown in greater detail.)

N




WHAT ARE THE NAMES OF SOME STREETS THAT ARE NOT
ON WORKSHEET 38 THAT WERE ON 872 (Maine Avenue,

Queens Road 26th Street, )
WHAT CAN YOU FIGURE OUT ABOUT YOUR WALK THAT YOU * -
‘ COULDN'T SEE SO EASILY BEFORE? (Which,streets to take.)

" Tell the. chlldren to plan the trip from the school to. the zoo
and draw the route on Worksheet 38. Then point out the scale
on Worksheet 38 and ask the children to use it to help them e
figure how far they will have to walk. They may use.yarfi to '
measure the distance and lay it out against the scale,
. 7 . N - ¢
LOOK AT THE ROUTE YOU MARKED ON WORKSHEET 37. ON
WHICH MAP DO YOU THINK YOU CAN FIGURE THE DISTANCE
MORE AGCURATELY? (On the map show,mg the smaller area.)

WHY? (Because you can see more detail.)
After the children have planned and'flgured the length of the
’ trip t6 the zoo, some of them might like to figure out how far
it would be to walk to the 200 from Dick's house, or other loca-
tions. . o) _
(You may wish to stop here for the day.)' ) >

-

Activity C

3

Tell the children that they will now plan a tour throtlgh the zoo.

WHAT WILL YOU NEED-TOKNOW-TO BLAN A TOUR'? (The',;;‘w‘- -
locations of the animals.) - . ' =

" Have them turn 'to Worksheet 39,

[N ,'I

HOW IS THE SCALE ON THIS MAP DIFFERENT FROM THL lW‘”’i‘ﬁ?‘

SCALES ON THE OTHER TWO MAPS? (It shows a much
- - smaller area in greater detail.) B :

AT LGS,

s 2

';I‘hen introduce the’ planning of the tour by reading the following
paragraph or making up one of your own,




s

let's pretend that you have just one hour for your tour,
so you can't see all the animals. (For some classes'

‘ it niay be easier to give a specific number of ‘animals ‘ ) /
— ——==—=—""%—""--t0-be-seen.) -Atl-tours will-start-and end at"the gate. e
o ' . * ~ Decide where you would like to go in the hour allowe(/
. . ' make anX near each of the animals you want to see, '

"and draw a route on the map. Then use your yarn and
- ] o the scale to find out how far you would walk if you took

. the tour you planned .
o ~When they have finished the activity some children may like
to tell the class about the tour they planned.

~ . M N4

At this pOlI‘lt it would be valuable to show the film again. The
children will notice many more‘things in it,now that they have
actually worked with maps.

e

A

L L B

Worksheet 39
SCALE .
0 3 J mile

1 i i
— . 1

]
< -
. N Im-:h-'0 e

30 trehes = ¥ mile
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Lesson |I: VALUE OF SCALING = . = . .

In this lesson the children consider chairs of different sizes.,
as \they are scaled to be gomfortable for children of different - ' }
sizes.- The class makeés a histogram of children's leg lengths, - R
in order to decide what size chair would be comfortable for

» thellargest number of second graders.

‘e

“MATERIALS

| ‘ ) o L e . -
— a'kindergarten chair, a secdnd grade chair and a ' e
téacher's chair ’ S .

- yandstic_:ks or rulers

. ~ — story: "Goldiloc};s and the: Three B_eé'ns" g o
~ PROCEDURE '
Activity A _ . . ) L e
Arrange in advance to have a.small-sized kincler;gjarten child® .. .
available during this lesson, - . . . o ]

- - o -
o

Line up the three chairs facing sideways in front of the class,

) T L - : g %

-LET'S LOOK AT THESE CHAIRS AND' WATCH CHILDREN SIT. . -

ON THEM, TO SEE IF WE CAN FIND OUT WHY CHAIRS ARE - .
MADE IN DIFFERENT SIZES. - '

[} » . .
" A .« . —v .
. * .

. Ask an average-sized studernt in your class to sit on the sec-
. ond grade chair at the front of the room, so that the side of -
‘the chair faces the class. Then atk the rest of the class:to
" tell you whét they observe,; Lié’g the children's observations
on the'chalkboard. (Typical observations will include the - . '

lerigth of.the child's leg ‘from his foot to his knee-in relation~ * .

o

4

to the lehgth of the chair'legs; the lengtﬁ of the child's leg 3
from hip to knee in relatjon to the width. of the seat; the height -
- of the child's shoulder in relatior to the height of the chair . - .

back.) Next ask the child to sit on the teacher's chair, and .
list tHe .children's observations. Then have him sit on a kin-

~defgarten chair. Repeat the observations with a kindergarten
child if possible, and then with an adult sitting on each of the
three chairs +n turn, fe - . ~
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' ) ". Discuss the obgervations recorded 'on the chalkboard’ and
.decide what gen erahzat ons can be'made. (For example,,

is sitting on a cha1r the cqrrect size for him,

4 .. '~ . 'when* someon
I

, , hlS feet w111 touch the floor. R . , .
¢ ae ‘ N > B&é 2 ) § )
e i Ask th chlldren to demde what inf mation ‘would be most $my
- useful to a chair manufactirer who wanted to make chairs/for” ) '
second graders. (The children's measurements_from.seat to .+
. shoulder, from hips to knee and from knee to heel )
. . 'Divide the class intp pairs-of children; Have each child mea-
. N ..suré and record the length of the back of his partner's right leg
o from the knee bend to the bottom of the heel 'y SR
‘ . . ) A N . _’ .
N Record this data on a class hlstogram on-.the' chalkboard while-~ - .
) the children work on Worksheet 40, Then decide what hetght ===
: . chair would fit the greatest number of children in t‘le class,
Y - . . *
.' ) he - ’ ‘. .
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‘ ™ " % Then ask the class ‘\ow this 1n§ormat10n could help a chaxr manu-",
. sy ,nfacturer who wants to make just one size ‘chair that ‘would fit sec-— .
/ ‘ond graders. (The elze qhould su1t the greatest number of chll- .
. dren ) , " :. R . - . -
. DlSCUSS other ob;ects that are scaled to, different si zes and’ ‘why
A
they are more useful than if they were made in only one ~'§12e.
SN (Clothmg, toys etc.) . oo ) <
« ' 4
;. t ~ -
. . No.te that plctures in d1ct1qnar1es frequently have the scale in-
. " dicated, sb that 'you can tell the size of the reaI ob)ect
. Activity B, ¢ . o g
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"Lesson 12; MA;&IN_G THREE-DIMENSIONAL SGALE MODELS

We nO‘ cjraw together many of the ideas developed in this
unit, }veral experiences are designed to reinforce the

_.«children' s understanding of why some kinds of objects must
be scaled to different sizes. Then the children measure
and determine the scale factor between the two members of
a pa1r of objects. They co on to construct three-dimen-
'sional paper models of doghouses, garages, etc, to scales
different from the plans with which.they are provided. This
involves choosing the appropriate scale factor and selecting et
techniques for enlérging the plans.

MATERIALS L .
‘ : PP

- sunglasses, ctnld s ahd ad7."'s 51zes
~ footballs, small and large . ' '
— sweaters, child’'s and adult's sizes
- carr\iages, small cj.ell's and hl.arge\doll's sizes
; - b.icycles, smail child's and adult's sizes_ ) 7
— shoes, child's and.man's sizes
—- ruler for each child ! -
- sci.sso'rs for each child -

— 24" piece of yarn for each child -

e infant's shoe, 3% inches or less
)

&v” " — toy trucks, 6 inches-and 2% inches
X ‘ -
' & — ‘constructién paper /

I . .
— architects ruler (from Les/sré/n‘6 T

y f‘?. - +— children's edltton/s«ét s Gulhveps Travels/ -

o

. {;i?‘ Y - Worksheetsyh ough 48 = - - .
S 3 ,-. - - h ‘ | |
AN ~PROCEDURE ‘ |

: / o S ‘ ' :
- _ Activity A / - . : o

mtroduct, this activity by showing the children two pairs of
}‘ ! - /sunglassos, one children's and one-adult's, Ask the children
. which pair of sunglasses would be more comfortable for second »




\ graders. Have several different children try on both pairs. Ask
which dimensions of the sf :

- correctly. (The distance J

- \
A
\
\

Then show the cl{lldren footballs jof différent \sizes

Ask sev-

eral children, one at a ti

fne to Hold each of the footballs in

throwing position.

Ask v,vh1ch 1s\more comfortable for a second

tance be\tween the po1nts on the footballs and the circumference

grader to held and throwl Have the chlldxen measure the dis-

Act1v1ty B

r

{
{
!

at the wzdest part and cpmpare the d1menS\ons of the two balls.

l

l
Gather si veral of the pa1rs of obJects l1stes below or other
srmtlar pai Use those that are edsiest fclr you to obta1n,
but try to§ fter the children a‘choice. \

s

— childs and adult s sweaters

i ,
— smalll and large dol‘ buggies borrowed from the-kinder~
garteb or brought from home

.—-‘ baby!s or sm ..~ch11d s shoe and man's shoe

— 2 bigycles, one small and one full size

* .
- t

Tell thel children to look at Worksheet 41, which has drawings

of the four pairs of obJects listed above. Wekalso provide a
- pair of blank boxes in ¢ase you substitute other objects, Tell

the chu ren that they are to measure the ob1%ts310ngjh&d1~ T
mens1ons shown by the arrows on the_workshétt and write the
on e

measufements in the spaces provided. Be surg they understand

that they are to record the measurements of the actual objects,

not of the drawings. Allow the children to selrect one pair of

objects to measure. They may work alone or iy small groups.

(The children will need something else to work ©n at their

seats while waiting for their turn to measure.)

’8‘:\‘. C 5
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Worksheet 41
Unit 18

a

Name,

After each child has measured a pair
of objects, have the children tell you
what the measurements are and record
them 'on the chalkboard, Work with
the children to hclp them figure what
the approximate scale factor is be-
I~ tween the two objetts in each paijr.
o For example, suppose the length of

‘ |__ the sweater sleeves are about 10
. D - D - inches and 20 inches. .

- :
Draw two line segments on the board
) one below the other, one 10 inches
R g I_—_] Q l:l "long and the other 20 inches long. ’
— « The children should be able to decide
that the length of the sleeve of the
grownup's sweater is about twice as
long as the length of the sleeve of
I I—— [—— the child's sweater, You may want -
them to use their pieces of yarn to
— - measure the length of the smaller
T . sleeve.and count off how many of 7 ) .
) these match ‘the\length of the larger sleeve. This number is .’ )
the scale factor.” Follow the same procedure with the other.
- pairs of objects. , — -
l Some objects will have casily identifiable scale factors such ‘
- as | - 2or | > 4, In more difficult situations it will suffice
. -to have children draw line segments on the board, one below -
the other, indicating the length of each of the pairs of ‘objects.,
I Activity C S . .
- f Before beginning this activity, cut out and assemble the small ’
doghouse facing page 74 (Worksheet 43), Tell the children , 0
to cut out the dogs on Worksheet %42 and £61d them so that théy RN

will stand. Then show the children the small doghouse. Ask v

' ~
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Worksheet 42 . » .
“Unit 18 Name- ¢ . s . -~ .
worksheet 43
tnit 18 < Nawe,
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© o, _thatwouldsfit the larger dog’ - If .no_one

if thts house seems to be about the right size for the small
dog. Select a child to place his small dog in the house to - .

check the size, o

., Tell the children that the larger doq needs .a house, too. Have
ther’fMook at Worksheet 43, a flat plan of the small doghouse
Ask what Lvh"é‘sreould do to make a housecffiust like the small one

qgests scalmg up

AL IR
A "

the plan ask: | e

$o.

RROM WHAT YOU KNOW ABOUT SéALING, HOW CAN YOU USE
THE SMALL DOGHCIISE‘TO HELP YOU MAKE THE ‘LARGE ONE?
The procedure should involve measuring the length of-the two
t dogs to find the scale factor between them (2),' and then apply-
ing that sca;e factor to the plan of the small doghouse in order
- to enlarge ;t.. Have the class WOork, together, each child making

'

a large doghouse from the—centimeter grld paper on Worksheet 44,

Thny should use the Junused space on W{orkshect 43 or the very
~)last grid sheet at the back of their manuals for.-the roof,
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Worksheet 44 T
Unft 18 | " v DR P P
. “ PN ’ 7 ? . \
. : s FM{,,/ Preggmtabn. -
s .l ) i
S - o, ST
R . l ] v .
1. The plans on the following pages
| ] A are provided so that you can con-
. I S = g - . ; ... .1 > struct the shoe box and garage
e eI i - o beforehand and be better prepared
: _ ’I - to guide the children. . .
| ’ - . ° . - ) .
o . ; * : M Cut out the parts of each along
, _ S the solid lines and fold along the
o - | e L ~ dotted lines. Note the short cut-
l 1 e lines at each end of the horlzontak
| e %@lLij.:S of the largest section
- - : S i " | - ofeachplafiand on the cover of
N U N the shoe box. « - )
. 1 - . l . N § «
L I'd )
Worksheet 43 T B L workshest 46 - Y -
Unit 18 Name_: . e  Name_ -
Would you like to ukn a@fer your@ . .
. Worksheet 48 has. plans for a 8 fora @9 o
- ‘or a ®for a g:ﬂ; ? - ' JUE
Uy .
. ’ A@fe}un .[;"i_: ltut be larger.
If you chose the @ , 8tay on this page. ] ) ,-Q;
. : T . Take the B and put 1t next to the (I
. If you chose the @. turn to Worksheet 46 s ' : .
P - - About how many longthe of the ¢ does the
. L . . dz’j] measuFs? L‘_
Workeheet 47 has plnnl for a @ for s Baby'l @ e T .
v ) “Ihat number 1s your scale factor. -
@ for your @wst benlnrger ’ i toe .
* Y i Scale up the plans for thn@ on Workéheet 48. .
Take the JJ and put 1t next to your @ .
VI ‘ f
PR About how many lengths of the N does your - . .
éf © measure?. ,i .
That number s yolr scale factor.-
Scale up the plans for the @ on Worksheet 47. N o
. T
————— [ °
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) The natrow folded flaps on the largest sections are for pasting.
To assemble the shoe box, paste the flaps to the end pieces.
* For the cover, ,pastethe-squa;:erta‘bs as-shown-in the-diagram.
et o ) |
= T - . ]
- For the'garage, paste just one end in place. At the other end,
. ’ . fold the flaps all the way back and paste them against the
. x sides and floor for reinforcement. This open end will bé"the
. R door of the garage. Place the roof support across the top as
I r shown. Paste the square tabs to the outer surface of the
N " T ’ T
<" +Plans for a Shoe Box T““?‘""]( Worksheet 47 -+ . Plang for a Garage “m_i 1. Worksheet 48 .
‘ B Co i Ungt 18 : | I Unit 18
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sides. The rogf gests flat on the top of the garage with an -
overhang pro;ectmg -on all sides. .-Put some paste on the top
of the roof support to hold the roof in place. - y

., ..

. , Have each child turn to Worksheet 45 and choose one'of the: * e

construction projects shown—either a shoe box or a garage '

for a truck. Ask some child to bring an infant's shoe to class

to fit into the small box., Those who choose to make shoe

boxes will work with their own shoes. Tndse who ‘choose to

make..a garage should bring toy trucks from home or work with

a pair you have in the classroom. A “Matchbox" type truck

will fit in the small garage. The large truck should be _about

six inches long. . < . ~* ’

Procedure: < : A
°

|

|

Worksheet 47 shows a plan for a shoe box and Worksheet 48

has one for a garage. The children will have to scale these
- ) plans up in order to make shoe boxes or garages to fit the ' ’
o larger shoes or trucks. They must first determine their, scale . ¢

factors’, which will vary., Have them place the small shoe§
.‘or trucks against the larger ones to find out about how many

lengfhs of the small objects the larger ones medsure.. These , N
,numbers are the factors by which the plans mugt be scaled
up. Help the individual children who have fractional mea-
surements choose the next larger whole number scale factor, . '
(A box can still be used if it is too big, but it is udeless if
too small.) 2 |
o z
) . . Note that scale factor in this activity is determined by com-
v paring only one dimension, the length “of the two objects, Loe e

A3

P s 1




thdse children. whose measurements come out in even multi-

ples can write mult1pl1cat10n equations.
l

x-

scale

- factor

length f
smell plan

length of .

large plan

Q

~

5

‘ | Let each child choose his own method for scaling up the plan. s
' ) He may use an ordinary ruleg, an.architects ruler, or the grid

“-paper provided after Workshcet 48,

He may. make his box or

'u ' garage out;of grid paper or lconstruction paper.

G

. ' R . -
» 3 e
. ' - " . ' ‘ - ’ l ’ .1- . - .
: . ) R ' v
- . K ° ..V * ‘ . ’ N . - " '
- . Space is provided at the bottom of the Worksheets so tHat

case they may trace the outliné of ‘truck or shoe to find the
dimension&; or- 51mply fold the paper up around the bottom *

munmm Y s 2

. Guide the children in éssembling their boxes or garag@ds .. They ]
- sho%ld check to see that the shoes or trucks will fit., - "

a e ’ .
¢ -t ’ ” * ' ‘.
ACthlty E . N . 0 o .
PR “:. C e A 38 ’ £ u .

¥ A 17 -

s - -t Some children may prefer to work directly from}\)\larger o X ‘
; truck or shoe and build the garagé or-hox: to fit it> In+that -
;. e and sides to make if fit: * .
. ! ‘ ¢ \
K % é % : -
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. To concludre t‘ms umt,_read any children's edition of Sw1ft s

; . / Gulliver's ravels to the class. .
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In this unit the chtldren have been introduced to the followmg

ideas: ’ o, 1 4

1] ]
- I

Obje&ts can be represented by outhnes or shadows of their
hapes. These outlineseor drawings represent only some"
of the properties of the objects. 3 T C A

4

‘.t SUMMARY \1 ‘,.“'xe.. . L\I
' ’ |
i

2, ?epresentatlons need not be the same size as the objects. .
They may be larger or smaller than hfe -size, “. .

3. The difference in size between an ob)ect and its enlarg d
representatlon can be described numerically by a mathé-
matical equation, .in which the scale factor tlmes/} /

/

length of 'the or1g1nal side’ equals the new length

A

\ e e e -

4, Scaling ‘up and scalt/ng down are 1nverse process’es One
"undoes the other K

n
5. Scaling up- 1s\related to multiplication and scaling down, R
© is related to division, " The concept of d1v1s10n is. develop- 4
ed only'on an ,1ntu1t1ve level- thh noe d£v1s10n ec{uatlonsl

i n, - . N s - ! . .;
giwe . B /\ - . s
ey ’\, .

o/ .
6. Area can be foun\d by multxplymg length and width, and

volume can be found by multlplylng length, width and
(These concepts are secondary to the main purpose
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